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INTRODUCTION. 


Notwithstanding  a  fairly  abundant  mining  literature,  there 
is  no  room  for  doubt  that  a  book  founded  on  the  lines  of  thia 
volume  will  supply  a  want.  The  reason  for  this  is  that  by 
the  rigid  exclusion  of  matters  having  only  an  academic  or 
liistoric  interest,  space  is  afforded  for  dealing  with  just  those 
points  which,  while  perhaps  not  of  a  strictly  scientific  value, 
have  nevertheless  a  high  eeonamic  importance,  and  go  far 
towards  determining  the  profitable  or  unprofitable  result  of  an 
undertaking.  As  mining  and  metallurgy  are  industrial  pur- 
suits, followed  with  a  view  to  financial  gain,  the  economic 
aspect  is  quite  as  deserving  of  study  as  the  highly  controversial 
questions  regarding  the  history  of  strata  and  the  genesis  of  ore 
bodies,  on  which  geologists  will  probably  differ  till  doomsday. 
Accepting  the  beds,  and  lodes,  and  veins  as  accomplished  facts, 
this  book  endeavom-s  to  describe  in  plain  language  and  with 
a  practical  aim  how  these  deposits  may  best  be  worked  under 
the  various  conditions  encountered,  and  how  the  valuable 
portion  of  their  contents  can  most  cheaply  and  effectively  be 
separated  and  prepared  as  marketable  commodities. 
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To  promote  condensation  and  facility  of  reference,  and  to 
avoid  repetition,  those  operations  which  are  common  to  all 
mining  and  metallurgy  are  first  described  in  general  and 
comprehensive  terms,  and  as  far  as  possible  in  natural  sequence 
Next,  the  non-metalliferous  minerals  are  taken  in  alphabetic 
order,  a  chapter  being  devoted  to  each,  and  embracing  all  the 
available  practical  information  respecting  their  occurrence, 
working,  extraction,  preparation,  qualities,  uses,  valuation,  and 
commerce,  with  details  of  special  processes  and  machinery 
employed. 

Similar  treatment  is  given  to  the  metals  and  their  ores  in 
their  turn,  not  omitting  the  metallurgical  operations  necessary 
for  separating  allied  metals  from  each  other. 

Obviously,  in  the  preparation  of  such  a  volume  it  is  im- 
possible to  be  independent  of  the  experiences  of  others,  and 
therefore  originality  is  to  be  looked  for  less  in  the  facts  recorded 
than  in  the  method  of  marshalling  them,  the  one  aim  and  object 
of  the  book  being  Practical  Utility. 


15  Geobge  Street,  Mansion  House, 
London,  E.C. 

Axtqwt  1895. 
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PROSPECTING. 

WsiLST  it  is  true  that  some  of  the  most  remarkahle  mineral  deposits 
We  been  discovered  by  accident,  it  is  also  true  that  the  great 
majoritj  have  only  been  found  by  persistent  search  in  accordance 
with  recognised  geological  facts ;  therefore  this  volume  cannot  more 
fitly  be  commenced  than  with  a  few  general  hints  on  the  finding  of 
mineral  deposits,  and  on  the  approximate  estimation  of  the  extent 
and  richness  of  the  find. 

The  first  indications  of  a  deposit  possessing  economic  value  are  as 
a  rule  to  be  met  with  among  the  materials  forming  the  beds  of 
streams,  and  wherever  watercourses  have  seamed  and  furrowed  the 
rocks.  Metalliferous  deposits  should  be  looked  for  in  hilly  districts 
as  a  general  rule,  though  alluvial  accumulations  may  be  found  in 
ocnnparatively  flat  country.  A  close  study  of  natural  phenomena  will 
often  help  in  the  discovery  of  mineral  wealth.  Thus  the  form  and 
colour  of  the  surface ;  stained  patches ;  springs  of  water,  whether 
sweet  or  mineralised  ;  scum  floating  on  water  (petroleum,  &c.) ;  accu- 
mulations of  earth  brought  to  the  surface  b^  burrowing  animals; 
changes  in  vegetation ;  behaviour  of  the  magnetic  needle.  These,  how- 
ever, only  serve  to  indicate  existence  without  reference  to  quantity 
or  quality.     (See  also  the  author's  *  Miners'  Pocket  Book,'  p.  263.) 

Of  the  special  conditions,  geographical,  stratigraphical,  and  mine- 
ralogical,  under  which  each  useful  metal,  ore,  earth,  or  other  sub- 
vtance  may  be  profitably  sought  for,  an  account  will  be  given  under 
the  heading  of  the  particular  product  in  view,  and  this  information 
need  not  be  summarised  here.  The  object  of  the  present  chapter  is 
rather  to  indicate  how  the  true  nature  of  the  deposit  may  be  studied 
and  learned  when  its  existence  has  been  ascertained. 

Fmm. — As  a  preliminary  it  will  perhaps  be  expected  that  some- 
thing should  be  said  concerning  the  source  and  origin  of  mineral 
veins  regarded  as  a  whole.  To  a  certain  extent  this  study  borders 
on  the  theoretical  side  of  geology,  and  is  often  dismissed  by  the 
"* practical  miner"  as  beneath  attention;  but  the  observations  of 
pckinstaking  mining  engineers  and  geologists  in  recent  years  have 
tended  to  greatly  simplify  the  subject  and  to  place  a  proper  under- 
standing of  it  within  reach  of  any  intelligent  miner.  Moreover  it  is 
impossible  that  large-scale  mining  operations  can  be  profitably  con- 
ducted without  due  regard  to  geological  evidence.  Without  trespass- 
ing on   matter  speci^ly  applicable  to  particular  kinds  of  mineral 
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2  ECONOMIC  MINING. 

deposits,  it  will  bo  useful  to  describe  the  main  features  of  veins  in 
general. 

And  here  it  may  be  well  to  warn  the  captious  critic  that  the  term 
'*  vein  "  is  used  in  its  wide  sense  as  implying  a  mass  of  mineral 
matter  enclosed  in  rocks  of  different  character  and  affording  useful 
metal  or  ore— in  other  words  an  "ore  body" — for  the  multiplication 
of  such  terms  as  "  lode,"  "  reef,"  "  shoot,"  **  seam,"  &c.,  conveys  no 
information  without  a  detailed  description  in  each  instance. 

(Contraction  of  rock  formations  due  to  drying,  cooling,  and  con- 
solidation, is  the  primary  cause  of  division  planes  or  "  joints,"  which 
often  are  subsequently  magnified  by  other  movements  such  as  earth- 
quakes, and  afford  conveuient;  receptacles  for  the  collection  of  ore- 
forming  matters.  To  contraction  as  the  cause  of  compression  are 
also  to  be  ascribed  the  foldings,  fissures,  and  faults,  which  vary  with 
the  degree  of  resistance  offered  by  the  various  beds.  Sometimes  the 
displacement  accompanying  the  crush  or  faulting  may  be  almost 
abtjent,  at  other  times  very  marked,  without  affecting  the  ore  body 
occupying  the  fissure.  Part  of  the  Comstock  vein  shows  a  vertical 
displacement  of  about  3000  ft.  As  a  rule,  when  the  direction  of 
the  fault  or  displacement  is  away  from  the  workings,  the  continua- 
tion of  the  ore  body  should  be  sought  dxmm  the  dip,  and  conversely 
when  the  dip  is  towards  the  workings;  but  sometimes  a  reverse 
fault  occurs.  Veins  occupying  fitsures  in  massive  rocks  will  usually 
be  more  per^iistent  on  the  dip  than  on  the  strike  (i.  e.  in  depth  rather 
than  in  length),  but  in  soft  or  diversified  rocks  no  rule  holds  good. 

Water,  containing  carbonic  acid  derived  from  the  atmosphere, 
and  possibly  organic  acids  liberated  by  decaying  vegetation,  acquires 
great  solvent  powers  under  the  influence  of  heat  and  pressure  at  con- 
siderable depths,  and  is  the  medium  by  which  fissures  are  enlarged 
and  modified,  rocks  are  decomposed,  and  the  selection  and  interchange 
of  the  constituents  are  brought  about  to  form  the  secondary  accumu- 
lations constituting  the  ore  bodies  and  mineral  deposits  utilised  by 
man.  "  Metasomatic "  interchange  between  aqueous  solutions  of 
metallic  ores  and  the  carbonates  of  lime  and  magnesia  in  limestones 
and  dolomites  accounts  for  the  formation  of  many  metalliferous  veins. 
The  source  of  the  metallic  contents  themselves  is  to  be  found  in  the 
igneous  rocks.  J.  F.  Kemp  *  quotes  Dr.  Moiicke  as  finding  native 
gold  in  obsidian,  plagioclase,  and  sanidine ;  J.  S.  Cui*tis  9&  demonstrat- 
ing the  existence  of  silver  in  quartz-porphyry ;  G.  F.  Becker  as  dis- 
covering gold  and  silver  in  diabase,  and  antimony,  arsenic,  copper, 
gold,  lead,  and  silver  in  granite ;  S.  F.  Emmons  as  detecting  silver  in 
porphyry ;  and  he  himself  traces  copper  to  augite.  Prof.  0.  Le  Neve 
poster  t  is  convinced  *'  that  many  of  the  tin  lodes  of  Cornwall  have 
been  formed  by  the  alteration  of  granite."  Finally,  in  the  author's 
-own  experience,  J  both  gold  and  silver  have  been  found  in  appreciable 
quantity  in  a  recent  lava  near  Myvatn,  Iceland;  and  investigations 
of  the  porphyritio  rocks  asfeociated  with  the  important  auriferous 
deposits  of  the  Black  Hills,  South  Dakota,  carried  out  under  the 
author**  directions  during  the  past  year,  proved  that  gold  was  present 

•  *  Ore  Deposits,*  p.  25.  t  *  Ore  aiid  Stone  Miuing,'  p.  7. 

X  •  Gold :  its  Occurrence  and  Extraction,'  p.  715. 
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io  everj  specimen  examined,  and  in  some  cases  to  the  extent  of  2\  to 
5  oz.  per  ton. 

The  question  whether  the  mineral  solutions  have  flowed  from  above 
or  from  below  has  occasioned  much  discussion ;  probably  each  theory 
is  right  in  turn  and  neither  is  uniyersal.  The  influence  of  the  wall 
rocks  has  been  little  observed  and  less  understood ;  but  it  is  undoubt- 
edly a  very  important  factor  in  most  cases,  and  demands  as  much 
attention  as  the  study  of  the  ore  body  itself. 

One  word  in  conclusion  as  to  the  permanency  of  ore  bodies.  A 
little  reflection  will  show  that  generalisations  on  this  head  are  pure 
nonsense.  To  begin  with,  the  sphere  of  action  of  the  mineralised 
waters  which  have  formed  the  ore  bodies  is  necessarily  limited  and 
cannot  be  expected  to  continue  to  vast  depths.  Then  again  erosion 
may  have  removed  the  greater  part  of  a  deposit,  so  that  what  was  once 
a  deep  vein  now  remains  only  as  a  shallow  one.  The  only  safe  guide 
is  taBferimce  of  the  particular  locality.  The  ''  fissure  vein  "  and  its  per- 
manency is  a  fallacy  founded  on  erroneous  notions  of  the  history  of 
ore  bodies ;  and  while  it  must  be  admitted  that  only  exploration  will 
develop  deep-lying  deposits,  it  must  be  remembered  that  the  rule  is 
for  ore  bodies  to  decline  in  size  and  value  as  the  depth  increckses, 
though  of  course  some  exceptions  to  this  rule  are  encountered.  In  at 
least  nine  cases  out  of  ten  it  will  be  found  that  if  a  mine  does  not  pay 
for  working  the  upper  levels  it  will  pay  still  lees  in  depth. 

Dianumd  DriUs. — The  solid  core  extracted  hj  the  diamond  drill 
makes  it  a  very  useful  implement  for  the  prospector.  Eecently  great 
improvements  have  been  made  in  diamond  drilling  machinery  as 
applied  to  exploratory  work  in  mining.  Considerable  success  is  re- 
ported to  have  attended  the  introduction  of  these  drills,  especially  in 
the  operation  of  iron  and  coal  mines.  In  mines  of  these  classes 
diamond  drills  are  eminently  well  adapted  to  the  purposes  of  explora- 
tion, because  of  the  peculiar  character  of  the  deposits  in  question. 

Compared  with  the  already  recognised  value  of  the  diamond  drill 
as  an  adjunct  to  the  mining  plants  in  coal,  iron,  copper,  lead,  and 
silver  mining  operations,  the  use  will  be  limited  in  ^old  mining. 
Nevertheless,  there  are  many  classes  of  gold  deposits  where  diamond 
drills  can  be  very  advantageously  employed  for  prospecting  purposes. 
Where  the  veins  are  narrow  and  the  pay  shoot  undergoes  apparent 
pinchine,  or  exhibits  changes  of  dip,  strike,  &c.,  or  where  the  charac- 
ter of  the  gangue  or  vein-filling  of  the  pay  shoot  is  of  no  clearly 
marked  difference  (save  in  respect  of  gold  tenure)  from  that  of  the 
barren  portion  of  the  reef,  their  use  will  not,  as  a  rule,  be  advanta- 
geoua  On  the  other  hand,  where  the  pay  ore  bodies  are  wide  and 
the  pay  shoot  is  long,  and  there  exists  a  conspicuous  difference  between 
the  pay  ore  bodies  and  the  barren  reefs  as  to  the  character  of  the 
vein-filling,  &c,  drills  may  be  of  utility. 

It  may  be  well  to  remark,  however,  that  in  a  new  district  it  is 
advisable  to  let  a  very  thorough  surface  prospecting  precede  the  use 
of  a  diamond  drill,  because  if  no  or  but  little  gold  can  be  found  at  or 
near  the  surface  in  the  neighbourhood  of  quartz  reef  outcroppings,  it 
is  very  unlikely  that  sinking  will  be  adequately  rewarded. 

Diamond  drilling  plants  are  made  to  drill  upwards  of  3000  ft., 
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4  ECONOMIC  MINING, 

and  of  various  sizes,  in  accordance  with  the  length  of  drill  holes  for 
which  they  are  designed. 

The  construction  of  drilling  plants  and  the  uses  of  the  various 
forms  of  tools  are  fully  described  and  illustrated  in  •  Mining  and  Ore- 
dressing  Machinery,'  but  passing  reference  may  here  be  made  to  the 

very  useful  hand-power 
diamond  boring  ma- 
chine invented  by  Crce- 
lius,  made  by  Richard 
Schram  &  Co.,  London, 
and  illustrated  in  Fig.  1. 
This  machine  is  in- 
tended and  well  adapted 
for  prospecting  pur- 
poses, for  proving  the 
existence  of  mineral 
lodes,  for  tapping  water 
in  old  workings,  &c., 
where  it  would  be  diffi- 
cult to  use  steam  power. 
Holes  can  be  bored  up 
to  300  ft  deep  at  any 
angle  from  the  vertical 
to  the  horizontal,  or  in- 
clined upwards.  It  can 
be  arranged  to  bore 
holes  underground. 

The  power  is  trans- 
mitted through  the 
horizontal  spindle  A 
and  bevel  wheels  B,  to 
the  boring  spindle  C, 
through  which  the  bor- 
ing rods  D  pass.  The 
machine  can  be  driven 
at  about  60  to  70  rev. 
a  minute.  The  advance 
motion  is  obtained  by  a 
weighted  lever  acting 
upon  a  toothed  wheel  E, 
with  which  is  connected 
a  wire  rope  passing 
round  a  pulley  F,  which 
is  attached  to  the  bore- 
spindle.  The  other  end 
of  the  rope  is  fixed  to 
the  frame  of  the  ma- 


Fio.  1.— Hand-power  Diamond  Boring  Machine. 


chine.  The  crown  G  is  set  with  diamonds  of  about  1  carat  each  in 
the  usual  way.  The  crown  for  ordinary  purposes  is  \\  in.  diam.,  and 
makes  a  core  of  1  in.  diam.  Larger  holes  can,  however,  be  bored 
with  this  machine  if  necessary.     The  crown  G  is  screwed  into  the 
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core-barrel  H,  which  is  3  ft.  long ;  and  the  core-barrel  is  screwed  into 
the  boring  rods,  which  are  4^  ft.  long  and  are  provided  with  screwed 
oonpliogs. 

Water  for  washing  away  the  dSbri»  and  keeping  the  diamond 
crown  cool,  is  supplied  through  the  boring  rods  by  a  small  hand  force- 
pnmp ;  about  1  gal.  of  water  a  minute  is  required.  From  2  to  4  men 
are  required  to  work  the  machine,  according  to  the  depth  of  hole; 
and  the  speed  obtainable  varies  from  5i^  to  13  ft.  per  shift  of  8  hours, 
according  to  the  hardness  of  the  rock  passed  through.  The  total 
weight  of  the  machine  with  200  ft.  of  bonng  rods  and  all  the  neces- 
sary tools  for  working  it  is  14  cwt.,  and  it  can  be  taken  to  pieces  for 
transport,  so  that  no  piece  weighs  more  than  150  lb. 

The  cost  of  diamond  drilling  per  foot  is  dependent  upon  the  cha- 
racter of  the  ground,  cost  of  power,  labour,  &c.  The  speed  made 
exceeds  sometimes  60  ft.  per  24  hours.  A  good  rate,  however,  allowing 
for  loss  of  time  incident  to  the  operation,  for  depths  of  200  to  700  ft., 
in  rock  of  favourable  character,  would  be  20  to  40  ft.  per  24  hours. 
The  most  favourable  kinds  of  rock  are  those  which  are  homogeneous 
in  their  structure.  Fissured  rocks,  or  those  in  which  cavities  occur, 
are  not  favourable  for  drilling,  owing  to  the  liability  of  breaking  the 
bit  and  rods,  and  the  consequent  delay.  Hard  rocks,  if  homogeneous, 
are  favourable ;  but  in  very  hard  rocks  the  progress  is  less  rapid  and 
the  wear  of  the  carbons  (diamonds)  is  greater  than  in  softer  homo- 
geneous rocks. 

At  the  present  price  of  diamonds,  a  bit  of  8  carbons,  weighing 
17|  carats,  costs  about  50Z.  The  consumption  of  diamonds  is  not  so 
much  due  to  the  gradual  abrasion  incident  to  the  grinding,  as  to 
breakage  by  pressure  against  the  face  of  the  rock. 

The  average  cost  of  drilling  is  variously  stated.  In  the  United 
States,  under  ordinary  conditions,  it  is  estimated  to  range  between 
4i,  and  8«.  per  foot.  The  averages  of  costs  of  boring  in  Victoria, 
Australia,  in  1891,  are  officially  quoted  as  below.  They  cover  an 
aggregate  of  over  27,000  ft.  in  gold  prospecting,  and  over  14,000  ft. 
in  coal  prospecting.  In  the  case  of  the  gold  prospecting,  the  wear 
and  tear  of  diamonds  was  responsible  for  about  one-third  of  the  total 
cost;  in  the  case  of  coal  prospecting,  this  item  only  amounted  to 
one-fifth  of  the  totaL    The  average  costs  were : — 

Per  foot 

1  diamond  drills  (inolusive  of  cost  of  wear 

and  tear  of  diamonds) Oil  SJ 

other  boring  machines  on  contract ..      ..  0    5  7^ 

/T^i  _„, ^^. (diamond  drills  (inclusive  of  cost  of  wear 

Ooalproepectmg..    |    and  tear  ol  diamonds) 0  10  4i 

Ayerage  coat  per  ft.  for  all  descriptions  of  boring       0  11  0 

The  use  of  corundum  instead  of  diamonds  is  proposed  as  an 
economy. 

Sampling  the  Ore  Body.-- A  most  important  step  in  determining  the 
value  of  a  mineral  deposit  is  to  adopt  a  correct  system  of  sampling. 

For  the  sake  of  example,  let  us  assume  it  to  be  a  vein,  with  an 
average  width  of  about  4  ft.,  varying  say  from  1  to  6  ft.  Commencing 
at  the  bottom  level,  take  from  the  face  of  one  of  the  drifts  across  the 
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entire  width  of  vein  sample  No.  1.  To  obtain  this  sample,  break 
down  16  to  30  lb.  of  vein  matter,  allowing  the  broken  rock  to  fall 
upon  a  piece  of  rough  canvas  stretched  upon  the  floor  of  the  drift* 
In  selecting  this  sample,  aim  to  break  down,  as  nearly  as  possible, 
rock  to  represent  the  average  character  of  the  material  at  this  point. 
Waste  as  well  as  clean  ore  occurring  in  the  vein  must  be  included  in 
the  sample.  The  15  to  30  lb.  of  rook  thus  broken  down  are  spalled 
upon  the  canvas,  and  quartered  so  as  to  obtain  a  sample  of  4  to  6  lb. 
This  sample  is  sacked,  marked  "No.  1,"  and  sealed.  The  locality 
from  which  the  sample  is  selected,  the  width  of  the  vein  at  that 
point,  &c.,  are  noted. 

In  a  similar  manner  sample  No.  2  is  taken,  extending  from  point 
at  which  sample  No.  1  was  taken,  across  the  vein  towards  the  shaft, 
a  distance  of  10  to  15  ft.  About  the  same  quantity  of  material  is 
broken  down,  and  the  sample  is  selected  in  the  same  manner  as  sample 
No.  1.     This  sample  is  likewise  sacked,  marked,  and  sealed. 

Where  there  is  a  pinch  in  the  vein,  or  where  the  vein  is  filled 
with  waste,  or  where  the  rock  is  obviously  of  a  grade  too  low  to  be 
profitably  worked,  it  is  not  necessary  to  take  a  sample,  but  a  note  is 
made  describing  the  condition  of  the  ground  at  the  point  where  no 
sample  was  taken. 

In  this  way  samples  are  taken  from  all  parts  of  the  mine,  the 
winzes,  upraises,  backs  of  the  stopes,  drifts,  shafts,  &c.,  where  there 
are  exposures  of  ore. 

These  samples  are  all  kept  separate,  and  their  values  are  sepa- 
rately determined.  The  values  of  the  samples  thus  .obtained  are 
indicated  on  a  diagram  of  the  mine.  The  extent  and  method  of 
occurrence  of  the  ore  body  is  thus  graphically  illustrated,  and  it  can 
be  readily  seen  whether  or  not  it  increases  in  length  with  increase 
of  depth ;  likewise  the  continuous  or  spotted  oondition  of  the  ore 
becomes  apparent. 

Determination  of  the  cost  of  mining  and  milling  having  been 
made  from  investigation  of  the  conditions  of  the  mine,  the  delimita- 
tion or  definition  of  the  ore  body  and  the  amount  of  ore  in  the  mine, 
can  be  readily  ascertained. 

In  many  wide  veins  the  pay  ore  does  not  extetid  across  the  entire 
width  of  the  vein,  but  is  confined  to  a  streak  near  the  foot  or  hanging 
wall  of  the  fissure.  Sometimes,  but  more  rarely,  this  streak  occurs 
near  the  middle  of  the  fissure.  This  pay  streak  is  sometimes  wide 
enough  to  be  stoped  profitably,  whereas  the  stoping  of  the  entire 
width  of  the  vein  would  not  pay. 

In  sampling  such  veins,  where  the  ore  body  is  not  of  even  value, 
the  sample  should  not  be  taken  across  the  entire  width.  In  such 
cases  a  sample  should  be  selected  for  a  width  of  4  to  10  ft.,  beginning 
at  the  foot  wall,  and  sampling  towards  the  hanging  wall.  This 
sample  should  be  marked  "A."  Another  sample,  selected  for  the 
same  width  as  "  A,"  should  be  taken  from  the  uppermost  part  of  the 
streak  toward  the  hanging  wall.  This  sample  should  be  marked  "  B." 
In  this  way  the  entire  width  of  the  ledge  is  sampled,  and  separate 
tests  are  made  of  these  samples  to  ascertain  the  width  of  any  workable 
pay  streak,  if  such  pay  streak  exists. 
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These  samples.  A,  B,  C,  &c.,  are  further  marked  by  numbers  as 
"  1  A,"  "  1  B,"  vVc,  to  indicsate  the  points  from  which  they  were  taken 
along  the  strike  and  dip  of  the  vein. 

In  this  way  the  miner  can  determine  in  what  part  of  his  vein  the 
pay  ore  lies,  and  to  what  distance  this  pay  ore  extends  in  length, 
depth,  asd  width.  From  such  data,  the  value  of  the  property  can  be 
estimated  as  far  as  developments  extend,  and  predictions,  to  a  great 
degree  reliable,  may  be  made  as  to  the  result  of  future  developments 
upon  the  vein,  based  upon  the  character  of  the  deposit  as  far  as 
explorations  extend.  Of  course,  good  judgment,  based  upon  extensive 
experience,  greatly  enhances  the  accuracy  of  these  predictions. 

Tetixng  Auriferous  Samples. — The  determination  of  the  value  of  an 
auriferous  quartz  is  usually  made  by  means  of  the  horn  spoon,  in 
which  a  few  ounces  of  pulverised  quartz  or  vein-filling  is  horned 
out,  and  an  estimate  is  made  of  the  yield  of  the  quartz  in  free  gold. 
Sometimes  1  lb.  or  more  of  the  quartz  is  panned  out  in  a  miners'  pan/ 
and  the  value  of  the  ore  in  free  gold  per  ton  is  estimated  from  the 
quantity  of  gold  saved  in  the  pan.  As  a  rule  the  amount  of  pulp 
taken  for  the  test  is  not  determined  by  weighing,  nor  is  the  quantity 
of  gold  saved  ascertained  by  weighing,  but  is  judged  simply  by  the  eye. 

Such  methods  are  obviously  very  unreliable,  especially  where 
gold  ores  of  various  localities  are  being  tested,  since  the  fineness  or 
coarseness  of  the  gold  may  vary  so  far  as  to  make  the  estimate  by 
the  eye  of  the  weight  of  the  gold  but  little  better  than  guesswork. 
A  far  better  system  is  the  following : — 

Take  a  sample  of  10  to  20  lb.,  the  more  the  better.  Select  it 
without  discrimination,  so  as  to  obtain  a  sample  of  the  average  cha« 
racter  of  the  material  of  the  vein  where  the  sample  is  taken.  Crush 
all  this  ore  to  about  the  size  of  walnuts,  and  from  this  lot  by  "  quar-* 
tering  down  "  take  a  «ample  of  about  3  lb.  Pulverise  this  sample  so 
as  to  pass  it  through  a  4b-mesh  sieve.  From  this,  by  further  quar- 
tering, select  a  sample  of  1  lb.  to  be  tested  as  follows : — 

Having  covered  the  hands  with  rubber  or  other  gloves  to  prevent 
the  introduction  of  greasy  substances  into  the  water  used  in  panning, 
weigh  out  the  sample  (1  lb.),  then  work  it  down  carefully  in  the 
batea  or  pan,  preferably  the  batea,  until  most  of  the  sands  have  been 
washed  off;  then  add  a  few  drops  of  mercury,  which  bring  in  contact 
with  the  gold  by  rubbing  it  throughout  the  pulp.  Collect  the  small 
amalgam,  and  boil  it  slowly  in  nitrio  acid  in  a  test-tube  until  the 
mercury  disappears. 

llie  application  of  heat  (spirit-lamp)  hastens  the  process  by  dis- 
solving the  mercury.  Pour  out  carefully  the  acid,  and  wash  out  with 
water  all  traces  of  acid  left  in  the  test-tube ;  then  pour  the  gold 
carefully  into  an  annealing  cup,  and  heat  over  spirit-lamp  until  the 
gold  is  thoroughly  dry,  when  weigh  it.  This  gives  the  amount  of 
tree  gold  per  pound  of  ore,  from  which  the  free  gold  per  ton  may  be 
readily  calculated. 

An  approximation  as  to  the  fineness  of  the  gold  can  be  made  by 
the  eye  sufficiently  accurate  for  these  tests. 

Instead  of  *' cutting"  the  amalgam  by  the  use  of  nitric  acid,  the 
mercury  may  be  volatilised  by  the  blowpipe. 
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The  tailings  from  this  sample  should  be  saved,  and  the  snlphurets 
collected  by  washing  off  the  sands.  The  snlphnrets  are  to  be  then 
weighed;  from  this  weight  the  percentage  contained  in  the  ore  is 
ascertained,  and  an  assay  is  made  to  determine  their  value  per  ton. 

A  few  small  vials  with  cai-efully  weighed  amounts  of  gold  will  be 
found  usefal  for  comparison  with  the  pannings  made  upon  the  field. 
Such  measures  materially  improve  the  guesswork  otherwise  practiaed. 

Sampling  Base  Ores, — The  sampling  of  the  ores  of  the  base  metalfi 
is  an  equally  important  matter.  For  illustration  let  us  take  a  lO-ton 
pile  of  10  per  cent,  copper-ore,  prepared  for  market.  It  will  conaist 
of  masses  generally  the  size  of  one's  fist,  smaller  pieces,  and  even  of 
dust.  Procure  a  clean,  tight  floor  or  pavement,  an  iron  mortar  and 
pestle,  a  shovel,  a  small  hammer,  a  piece  of  iron  for  an  anvil,  a  broom, 
and  a  wheelbarrow,  barrel,  or  box. 

Begin  by  shovelling  the  pile  roughly  into  the  form  of  a  flattened 
cone  or  flattened  pyramid.  Make  a  trench  straight  through  the  pile, 
cutting  it  into  two  nearly  equal  parts ;  again  by  a  trench,  at  right 
angles  to  the  first,  divide  these  halves  into  four  nearly  equal  quarters. 
A  part  of  the  ore  taken  from  these  trenches  will  form  the  sample 
required.    Proceed  as  follows : — 

Having  the  wheelbarrow  ready,  begin  at  the  middle  of  any  side  of 
the  made-up  pile  and  cut  the  first  trench.  Cast  the  first  shovelful  to 
the  right,  the  second  to  the  left,  the  third  into  the  wheelbarrow. 
Bepeat  this  order  of  shovelling  until  the  barrow  is  full ;  then  empty 
it  upon  the  weUnswept  floor  intended  to  receive  the  sample.  Continue 
in  the  same  way  until  the  trench  has  passed  through  the  pile,  when 
there  will  result  two  rather  long  and  narrow  piles.  Begin  the  seoond 
treoch,  extending  it  across  the  middle  of  the  two  piles,  casting  the 
first  shovelful  right,  the  second  left,  the  third  into  the  barrow.  Pro- 
ceed in  the  same  way  as  with  the  first  trench.  When  done,  you  will 
have  shovelled  about  6000  lb.  of  ore.  As  every  third  shovelful  was 
thrown  into  the  banow,  there  will  result  about  2000  lb.  of  sample 
upon  the  floor.  That  this  is  a  fair  sample  of  the  original  pile  is  baued 
upon  the  assumption  that  each  third  shovelful  thrown  into  the  barrow 
was  like  the  first  and  seoond  ones  cast  into  the  piles.  The  hypothesis 
is  reasonable  and  freely  to  be  trusted. 

Having  the  sample,  proceed  with  it  after  the  regulation  method, 
as  follows : — 

Spread  it  thinly  on  the  floor ;  now  examine  it.  If  there  be  any 
lumps  which  look  larger  than  the  general  run,  place  the  anvil  upon 
the  pile,  and  between  that  and  the  hammer  break  those  lumps.  The 
next  step  is  to  thoroughly  well  mix  the  sample.  Begin  at  one  edge 
of  it  and  shovel  the  ore  over  upon  itself.  Move  around  to  the  opposite 
side  of  the  pile,  and  from  that  side  shovel  the  ore  again  upon  itself 
and  back  into  its  original  place  upon  the  floor.  Having  it  well 
mixed,  form  it  into  a  flattened  cone  and  sweep  all  the  dust  upon  and 
around  the  pile.  You  have  now  to  halve  and  quarter  the  sample  as 
follows : — 

Commence  at  any  point  and  shovel  a  road  through  the  centre  of 
the  pile,  casting  the  shovelfuls  alternately  right  and  left  as  you  pro- 
ceed.   This  movement  will  result  in  cutting  the  pile  into  two  elon- 
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gated  nearly  eqoal  ones.  Beginning  at  the  middle  of  one  of  them, 
shovel  a  road  through  it  in  the  same  way  as  before.  And  in  precisely 
the  same  way  cut  the  other  pile  in  two ;  sweep  upon  each  pile  the 
dost  belonging  to  it.     These  movements  will  result  in  four  piles. 

If  the  sample  were  well  mixed,  as  directed,  then  will  each  of  the 
quarters.  A,  B,  0,  D,  have  the  same,  composition  as  all  the  others.  But 
if,  upon  inspecting  them,  you  judge  one  or  another  to  be  poorer  or 
richer  than  the  other,  you  will  then  have  sufficient  evidence  that  the 
work  has  been  badly  performed.  In  that  condition  of  affairs  mix  well 
together  all  the  piles,  and  once  more  halve  and  quarter  them.  Having 
made  all  the  quarters  of  the  same  composition,  it  follows  that  any  two 
of  them  may  safely  be  accepted  as  representing  the  original  2000  lb. 
of  rough  sample.  This  opens  a  road  leading  in  the  right  direction, 
sinoe  it  enables  us  finally  to  get  rid  of  half  the  sample.  We  may  cast 
out  two  of  the  quarters  and  retain  the  other  two  for  the  sample.  It 
is  a  matter  of  indifference  which  two  are  retained,  say  A  and  B. 
Bemove  from  the  floor  C  and  D,  together  with  the  dust  belonging  to 
them. 

We  have  again  to  break  the  larger  stones,  until  there  remain 
none  larger  than  walnuts.  Place  the  anvil  between  the  piles,  within 
easy  reach  of  them.  Take  a  stone  from  A,  break  it ;  take  one  from  B, 
break  that.  Continue  in  this  way,  taking  stones  alternately  from 
each  pile,  until  all  are  reduced  to  the  size  stated.  By  proceeding  in 
this  way,  the  sample  is  more  or  less  mixed  while  being  broken. 
Complete  the  mixing  as  before,  by  shovelling  all  the  sample  to  and  fro 
over  the  floor.  Form  it  once  more  into  a  flattened  cone,  and  sweep 
the  dust  upon  and  around  it.  Divide  the  cone  into  two  halves,  and 
those  into  four  quarters  as  before.  You  have  now  to  reject 
two  of  these  quarters.  The  unwritten  law  of  the  sampler  says 
that  it  must  be  those  holding  the  positions  A  and  B,  because  those 
were  retained  in  the  last  quartering.  Eemove  A  and  B  from  the 
floor,  retaining  C  and  D  for  the  sample.  These  would  now  weigh 
about  600  lb. 

Proceeding  as  before,  break  down  the  lumps  of  ore  until  none  is 
left  larger  than,  say,  1-in.  cubes.  Again  mix  well  the  sample,  make 
it  into  a  pile,  sweep  up  the  dust,  halve  and  quarter  the  pile.  Beject 
two  quarters  (C  and  D  of  course),  retain  two«  as  in  former  quar- 
terings. 

Once  more  break  the  lumps,  this  time  down  to  ^in.  cubes.  Mix 
well  the  sample,  make  it  into  a  pile,  sweep  up  the  dust,  halve  and 
quarter ;  reject  two  quarters.  The  two  quarters  retained  would  weigh 
abont  125  lb.  Break  it  down  until  comparable  to  fine  gravel  and  coarse 
fiand.    Mix  and  quarter  onoe  more. 

The  two  quarters  this  time  retained  would  weigh  about  60  lb. 
With  the  mortar  and  pestle  break  this  to  something  approaching 
ooaree  sand.  Again  mix  and  quarter.  The  quarters  this  time  re- 
tained are  to  be  ground  yet  finer,  mixed,  and  quartered. 

If  you  have  no  mortar  and  pestle,  the  hammer  and  anvil  may  be 
rafastituted  throughout.  After  getting  the  material  into  the  form  of 
coarse  sand,  it  is  best  to  mix  and  quarter  it  upon  a  sheet  of  paper, 
even  an  old  newspaper. 
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At  this  point  the  sample  would  weigh  about  15  lb. ;  its  larger 
grains  would  be  in  size  like  coarse  sand.  It  would  be  safe  now, 
without  further  breaking,  to  mix  and  quarter  it  twice,  or  until  its 
weight  did  not  exceed  4  lb.  Run  this  through  the  mortar,  and  then 
mix  and  quarter  it  twice,  or  down  to  1  lb.  weight,  (^rind  this  to 
something  approaching  powder,  and,  for  the  last  time,  mix  and  quarter 
it.  Have  ready  six  wide-mouth  1-oz.  bottles.  Place  them  in  a  line, 
side  by  side,  upon  a  sheet  of  paper.  From  the  <»ther  paper  pour  the 
ground  sample  in  a  small  stream,  to  and  fro  across  the  months  of 
the  bottles,  until  they  are  all  full  up  to  their  shoulderj$.  Cork,  seal, 
and  label  them,  and  the  sampling  is  done. 

It  does  not  matter  of  what  solid  a  sample  may  consist,  or  how  much 
or  how  little  it  may  be,  it  should  be  worked  down  in  the  manner  just 
detailed. 

A  word  may  be  added  as  to  larger  and  rougher  ore  piles  than 
have  yet  been  mentioned*  It  is  not  unusual  to  have  a  pile  of  100  or 
200  tons  to  sample.  Such  piles  are  apt  to  consist  of  lumps  larger  than 
a  man's  head,  together  with  masses  of  all  smaller  sizes.  Where  a  pile 
is  formed  by  dumping  ore  uniformly  upon  its  top,  the  likelihood  is 
that  the  pile  is  homogeneous.  In  such  a  case  it  is  safe  to  make  short 
cuts  into  it  at  several  points  around  its  base,  and  to  consider  as  sample 
the  ore  so  got.  It  is  safer  to  make  one  cut  through  the  pile,  retaining 
as  sample  each  third  shovelful,  as  in  the  case  of  the  copper  ore  just 
considered.  In  forming  ore  piles  of  the  weights  given,  it  is  a  good 
custom  to  put  upon  a  separate  platform  each  tenth  or  twentieth 
barrow-loaa  coming  from  the  mine ;  the  small  pile  will  prove  a  fairly 
good  sample  of  the  large  one.  But  no  matter  how  it  may  be  got,  the 
rough  sample  is  to  be  broken  and  mixed  and  proceeded  with  after  the 
regulation  method. 

A  very  ingenious  and  efficient  mechanical  sampler  was  recently 
described  and  shown  at  a  meeting  of  the  Institution  of  Mining  and 
Metallurgy.* 

Beveling. — When  the  value  of  a  sample  of  a  mineral  deposit  has 
been  determined,  the  next  consideration  for  the  prospector  is  laying 
out  the  development  work  he  proposes  to  do,  to  ascertain  the  extent 
and  permanency  of  the  ore  body. 

In  the  first  instance,  the  exploratory  work  should  as  nearly  as 
possible  be  confined  to  those  portions  of  the  property  which  give  the 
most  encouraging  indications.  The  Mexican  system  of  developing 
consists  in  closely  following  the  discovered  ore  body ;  and  when  this 
fails,  their  explorations,  if  continued  at  all,  are  confined  to  the  neigh- 
bourhood of  ore  bodies  already  proved. 

This  method  has  obvious  merits  in  avoiding  any  appreciable  ex- 
penditure on  profitless  deadwork,  and  in  multiplying  the  chanpes  of 
striking  subsidiary  veins  and  bunches  of  ore. 

The  character  of  the  exploratory  work  is  chiefly  determined  by 
the  situation  of  the  ore  body  to  be  prospected,  and  by  the  local  topo- 
graphical features.  Where  practicable,  adits  are  preferable  to  shafts, 
especially  in  a  country  where  veins  carry  much  water.     In  addition 

•  T.  Clarkson,  •*  Tlie  Sampling  of  Ores  and  Tailings,"  Trans.  Inst.  Min.  and 
Met.,  ii.  229. 


Digitized  by 


Google 


PROSPECTING.  II 

to  the  expense  obviated  by  tunnels  in  draining  the  mine,  the  cost  of 
extracting  the  ore  is  very  greatly  diminished  as  compared  with  that 
attending  hoisting  through  shafts.  Much  greater  depth  upon  the 
Teiu  may  be  reached  without  it  being  necessary  to  resort  to  the 
erection  of  a  hobting  plant,  than  where  the  ores  are  extracted  through 
ftbaftB. 

Where  possible,  tunnels  are  run  upon  the  vein.  In  some  places, 
notwithstanding  the  fact  that  the  topography  admits  of  tunnelling, 
bhonld  it  be  necessary  to  run  a  long  croi>scut  tunnel  (tunnel  not  run 
upon  the  vein),  or  should  the  flat  character  of  the  country  prevent  the 
attainment  of  sufficient  depth  upon  the  vein  to  compensate  for  the 
expense  of  tunnelling,  the  vein  should  be  prospected,  other  circum- 
Btanoes  admitting  (absence  of  great  amount  of  water  in  vein),  by 
shafts.  The  inclined  shaft  following  the  dip  of  the  vein  is  generally 
adopted  in  prospecting  the  mines  of  California,  the  better  to  examine 
the  character  of  ground  being  developed,  and  also,  because  it  is 
oraally  cheaper  to  sink  such  shafts  than  vertical  shafts  outside  of  the 
vein  formation. 

The  adoption  of  the  best  system  of  prospecting,  whether  by  tunnels 
or  shafts,  must  be  determined  by  local  conditions,  and  only  after 
careful  consideration  of  all  the  questions  involved.  Too  often  lack  of 
discrimination  in  this  matter  involves  the  useless  expenditure  of  much 
time  and  money,  as  well  as  often  the  accomplishment  of  but  nugatory 
n«alt8. 

The  pay  ore,  as  previously  explained,  often  occurs  disposed  with 
more  or  lei«  irregularity  through  the  veins  along  its  course  as  well  as 
its  dip.  Several  pay  shoots  of  variable  extent  and  pitch  may  likewise 
occur  in  the  same  vein  and  upon  the  same  property.  In  order  to 
ascertain  the  location,  as  well  as  the  extent  of  these  bodies  of  pay  ore, 
exploratory  work  must  be  carried  out.  Such  work  should  be  syste- 
inatically  conducted,  and  the  character  of  ground  thus  prospected  be 
recorded  upon  a  map  of  the  underground  developments  of  the  mine. 
The  developments  by  drifts,  raises,  stopes,  &o.,  and  the  approximate 
width  of  the  vein,  should  be  monthly  recorded  upon  such  a  map. 
Without  a  working  map  no  scientific  system  of  prospecting  can  be 
conducted.  Such  data,  if  comprehended  by  the  superintendent,  are  of 
iDestimable  value  in  laying  out  his  work.  To  prospect  the  ground, 
drifts  and  crosscuts  are  run,  and  winzes  and  raises  are  made. 

The  character  of  the  ground  will  determine  the  most  economical 
method  of  its  exploration ;  but  these  explorations  should  be  so  planned 
as  to  cover  the  most  ground  with  the  least  amount  of  exploratory 
work,  and  the  work  should  be  so  laid  out  as  to  avoid  the  duplication 
of  results.  This  seems  axiomatic,  but  frequently  long  drifts  are  run 
in  ground,  the  character  of  which  had  already  been  so  satisfactorily 
established  by  other  work  as  to  be  susceptible  of  reliable  determi- 
nation by  sinking  a  winze  from  an  upper  level  to  prove  the  absence  of 
ore  bodies.  Therefore,  hi  ground  in  which  the  chances  of  dis- 
covering valuable  ore  bodies  are  very  slight,  this  tendency  to  run 
drifts  too  frequently  is  to .  be  avoided.  There  are  few  mines  where 
much  money  has  not  been  thrown  away  by  fruitless  exploration  of 
♦his  character.     In  other  words,  the   sinking  of  a  winze  a  short 
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di>tance,  or  the  raising  of  an  upraise  for  a  short  distance,  will 
oftentimes  conclusively  establish  the  absence  of  pay  ore  bodies 
within  the  region  to  be  explored,  without  the  neceshity  of  running 
frequent  drifts  through  this  barren  stretch  of  country. 

Of  course,  no  arbitrary  lines  can  be  laid  down  as  to  the  best  system 
of  prospecting,  owing  to  the  great  differences  that  prevail  in  the 
occurrence  of  the  ore  bodies  in  various  mines ;  but  there  should  be 
a  system.  Where  the  vein  is  flat  and  small,  and  subject  to  :many 
pinches  and  changes  of  strike  and  dip,  it  sometimes  becqmes  necessary, 
in  case  the  vein  is  lost,  to  defer  the  extension  of  the  drifts  until  the 
stopes  have  advanced  far  enough  to  indicate  the  direction  in  which 
the  extei  sion  of  the  vein  may  be  looked  for. 

Surveys. — Too  much  care  cannot  be  exercised  in  laying  out  first 
>]ans  with  accuracy  and  precision,  and  this  can  only  be  accomplished 
y  the  aid  of  levels,  dials,  and  other  engineering  instruments,  which 
can  always  be  advantageously  bought  of  W.  F.  Stanley,  Great  Turn- 
stile, Holbom.  Some  of  his  mining  specialties  are  described  in  his 
excellent  little  work  on  sui*veying  instruments.* 

The  usual  operations  of  mineral  surveying  and  many  hints  and 
examples  are  given  in  the  author's  *  Miners'  Pocket  Book,'  pp.  239- 
251.  Space  can  only  be  found  here  for  a  description  of  an  ingenious 
way  of  transferring  surface  alignments  to  underground  workings 
through  vertical  shafts.^  It  is  used  a  great  deal  in  Montana,  to 
depths  of  2000  ft.  and  more ;  the  operation  monopolises  one  compart- 
ment of  the  shaft,  but  the  cage  may  be  run  meanwhile  in  the  other  if 
at  reduced  speed. 

The  method  is  simply  to  hang  two  plumb-lines  in  one  compart- 
ment in  line  with  a  determined  surface  alignment — this  line,  gene- 
rally, being  the  centre  line  of  the  compartment — then  range  the 
instrument  in  line  with  the  two  plumb-lines,  at  the  different  levek 
where  surveys  are  wanted. 

By  reference  to  Fig.  2  the  points  of  the  method  can  be  understood. 
A  is  a  horizontal  cross  section  of  the  shaft,  at  the  collar,  showing  the 
plumbing  board  in  place,  across  the  shaft,  and  the  two  plumb-Hn^ 
3  ft.  apart,  centred  in  the  alignment  N.  20°  13'  E.  The  plumbing 
board  C,  D,  £  is  a  2  in.  x  10  in.  plank,  8  ft.  long,  provided  with 
two  movable  supports  for  the  wires.  The  support  is  a  round  iron  rod 
^  in.  diam.  and  6  in.  long,  resting  in  two  iron  upright  pieces  D,  d. 
The  rod  has  a  groove  across  one  end  of  it  for  the  wire  to  rest  in,  and 
the  other  end  is  seated  against  a  set-screw  and  held  against  it  by  a 
small  coil  spring  around  the  rod.  The  plumbing  board  is  placed 
approximately  in  line  and  nailed  firm ;  then  centre  each  of  the  wires 
in  line  with  the  instrument,  using  the  screws  for  setting  the  wires  in 
line.  The  plumb-line  should  be  a  No.  22  copper  wire;  this  will 
stand  a  10-lb.  bob,  which  is  sufficiently  heavy. 

When  the  wires  are  centred  in  the  supports,  and  they  are  ready 
to  be  let  down,  a  small  weight  (1  lb.)  is  attached  to  the  end  of  the 
wire  and  let  down  to  the  lowest  level  where  alignment  is  wanted,  and 
there  made  fast  to  one  comer  of  the  shaft,  and  pulled  taut  in  the  same 
corner  as  at  the  surface,  so  there  will  be  no  possibility  of  the  other 

♦  *  Surveying  and  Levelling  Instruments.*  t  L.  Kuhn,  En.  and  Min.  Jl. 
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line  oomiog  in  contact  with  it  while  being  lowered.  When  both 
wires  are  down,  the  bubs  are  put  on  and  each  is  placed  in  a  pail  of 
water ;  if  the  shaft  is  wet,  use  about  1  in.  of  common  black  oil  on  the 
Burfaoe  of  the  water  to  prevent  rippling  by  the  water  dropping  down 
the  shaft  into  the  pails. 


The  same  signals  used  in  hoisting  can  be  used  here  to  advantage, 
between  the  person  at  the  bobs  and  the  one  at  surface;  as,  for 
mstanoe,  three  light  jerks  of  the  wire  to  raise  it,  two  to  lower,  and 
one  to  stop.  When  the  lines  are  still  the  instrument  is  ranged  in  line 
^ih  the  wires.  From  experiment,  Kuhn  found  35  to  40  ft.  distant 
from  the  wires  to  be  a  good  point  to  place  the  instrument.  It  will 
facilitate  the  work  to  light  one  of  the  wires,  the  one  farthest  from  the 
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instrument,  and  have  the  wire  nearest  the  instrument  dark ;  in  this 
way  one  will  be  able  to  distinguish  the  wires,  having  one  light  and 
one  black.  The  light  should  be  placed  as  close  as  possible  to  the 
wire  to  be  lighted,  but  itself  screened  from  view  at  the  instrument, 
so  that  only  the  light  reflected  from  the  wire  is  visible  at  the  instru- 
ment. 

B  is  a  vertical  cross  section  of  the  shaft  and  station,  showing  bobs 
in  the  pails,  the  two  plumb-lines,  and  the  instrument.  F  is  an 
enlarged  section  of  an  arrangement  which  Kuhn  used  to  advantage. 
Six  common  candles  are  placed  close  to  the  wire,  and  hid  from  view 
by  the  screen  S.  The  base  on  which  the  candles  rest  should  be  2  in. 
longer  than  the  screen,  then  by  placing  this  end  of  the  screen  about 
1  in.  to  the  side  of  the  line  of  the  wires,  the  base  will  be  a  light 
surface  fur  the  dark  wire.  An  incandescent  lamp  is  the  best  light, 
but  common  candles  will  answer. 

"When  the  instrument  is  in  line,  permanent  line  points  are  set 
within  the  caps  of  the  station.  When  these  are  set  and  connected 
with  the  wires  by  measurement,  the  transfer  of  the  alignment  to  this 
level  is  completed,  and  the  other  levels  are  proceeded  with  in  the 
same  manner,  the  wires  not  being  molested  until  all  are  finished.  A 
check  can  be  made  by  recentring  the  wires  1  in.  backward  or  forward^ 
which  will  give  a  parallel  line.  However,  if  the  wires  are  exactly 
the  same  distance  apart  at  the  bobs  as  at  the  surface,  it  would  li 
almost  impoh^sible  for  either  of  them  to  touch  at  any  point  of  the  shaft. 
One  of  the  wires  is  the  0  station  for  the  mine  and  all  surveys  of  the 
mine,  both  surface  and  underground,  begin  or  are  connected  with  this 
station  O.  Let  all  angle  points  be  stations;  that  is,  make  each 
station  an  angle  point  running  consecutively  from  O.  If  traverses 
are  used  in  mapping,  the  O  of  die  surveys  is  the  O  of  the  traverses. 


Digitized  by 


Google 


IS 


POWER. 

A  MATTXB  of  no  small  importance  is  the  source  from  which  power  is 
to  be  derived  for  working  drills  and  cutters,  hauling  and  hoisting  the 
mineral,  pumping  water  out  of  the  workings,  and  driving  the  reducing 
and  dressing  machinery. 

In  general  terms,  it  may  be  said  that 

Water  power  is  cheaper,  but  less  dependable  owing  to  frosts  and 
droughts. 

Steam  power  is  dearer,  but  is  more  reliable. 

Besides  these,  a  third  must  be  mentioned,  namely  the  petroleum 
engine,  whose  great  advantage  over  either  is  that  it  can  be  applied  in 
positions  which  almost  preclude  the  other  forces. 

In  addition  to  these  prime  sources  of  power,  there  are  two  im- 
portant secondary  or  intermediate  motors,  which  give  effect  to  force 
derived  from  some  other  source.  These  are  compressed  air  and 
electricity. 

Waier  Power.— The  value  of  a  water  power*  depends  upon  a 
variety  of  elements ;  numerous  conditions  may  reduce  its  value.  The 
esBential  points  to  be  considered  are  as  follows: — (a)  Quantity  of 
water  during  a  dry  year;  (6)  uniformity  of  flow  during  the  year, 
considering  the  storage  capacity,  natural  and  artificial ;  (c)  head  of 
&11 ;  {d)  conditions  which  fix  the  expense  of  building  dam  and  canal, 
and  flowage  of  land ;  («)  conditions  which  affect  the  cost  of  founda- 
tions for  buildings;  (/)  geological  conditions  which  determine  the 
permanency  of  the  falls;  (g)  freight  charges  for  fuel,  supplies,  raw 
materials,  and  finished  product ;  (h)  how  much  low-pressure  steam  can 
be  used  for  heating  purposes ;  and  whether  exhaust  steam  can  be  used 
for  those  purposes ;  (t)  if  water  is  needed  for  other  purposes  than 
power,  and  in  what  quantities ;  {Jc)  the  greater  uniformity  of  speed 
with  steam  than  with  water  power.  The  value  of  a  variable  power 
is  usually  nothing  if  its  variation  is  great,  unless  it  is  to  be  supple- 
mented by  a  steam  plant.  It  is  of  value  then  only  when  the  cost  per 
horse-power  for  the  double  plant  is  less  than  the  cbst  of  steam  power 
nnder  the  same  conditions  for  a  permanent  power.  The  value  of  a 
deyeloped  water  power  is  as  follows :  If  the  power  can  be  run  cheaper 
than  steam,  the  value  is  that  of  the  power,  plus  the  cost  of  plant,  less 
depredation.  If  it  cannot  be  run  as  cheaply  as  steam,  considering  its 
cost,  Ac,  the  value  of  the  power  itself  is  nothing,  but  the  value  of 
the  plant  is  such  a  sum  as  could  be  paid  for  it  new,  which  would 
hring  the  total  cost  of  running  down  to  the  cost  of  steam  power,  less 
depreciation.  That  is,  it  is  worth  just  what  can  be  got  out  of  the 
plant  and  no  more. 

•  C.  T.  Main,  •  Value  of  Water  Power/ 
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Channels. — The  sectioD  of  the  channel  in  which  the  water  is  led 
to  the  water  motor  depends  on  the  ground  in  which  the  channel  is 
oat.  If  the  channel  be  made  in  brickwork  or  masonry,  the  angle  of 
its  sides  would  be  90° ;  in  stone  without  mortar,  60° ;  in  clay,  45° ; 
in  coarse  gravel  and  stones,  40° ;  in  finer  gravel,  35° ;  in  sand,  30° ; 
in  ordinary  soil,  25°.  Bearding  the  speed  of  water  in  channels,  it 
will  be  understood  that  it  runs  at  its  highest  rate  just  below  the 
water  surface,  decreasing  toward  both  the  bottom  and  the  sides.  The 
average,  speed  at  which  water  can  be  run  depends  largely  upon  the 
nature  of  the  material  in  which  the  channel  is  cut ;  soft  material  will 
not  admit  of  the  water  running  over  it  so  rapidly  as  hard  material. 
The  nature  of  the  water  must  aJso  be  considered.  Some  water  brings 
mud,  and  other  carries  sand.  In  some  instances,  the  settling  of  this 
sand  in  the  channel  is  a  great  hindrance :  but  if  the  water  runs  at  a 
speed  of  9  in.  per  second  when  muddy,  and  twice  as  fast  when  carry- 
ing sand,  no  disadvantage  by  settling  will  be  felt.  The  maximum 
speed  of  the  stream  should  be  in  ordinary  soil,  3  in.  per  second ;  sand, 
1  ft;  fine  gravel,  2  ft.;  coarse  gravel,  3  ft.;  stony  ground,  4  ft; 
rock,  5  ft. ;  larger  rock,  6  ft ;  solid  rock,  10  ft. 

Pipes. — Should  it  be  necessary  to  .lead  water  through  pipes,  as  is 
generally  the  case  for  turbines,  such  pipes  should  not  be  longer  than 
is  absolutely  necessary,  owing  to  a  Iofs  by  friction  in  them.  From 
end  to  end  they  should  be  equal  in  diameter.  Any  difference  in  the 
section  will  cause  friction  and  la«s  of  efficiency,  as  every  increaae  or 
decrease  in  the  section  alters  the  speed  of  the  water,  and  consequently 
causes  it  to  whirl  at  that  particular  part  of  the  pipe.  Sharp  bends 
should  be  avoided ;  if  bends  are  necessary,  they  should  be  arranged 
on  an  easy  curve,  the  radius  of  which  should  not  be  less  than  double 
the  diameter  of  the  pipe.  It  will  be  understood  that  sharp  bends  and 
other  obstructions  in  the  pipe  have  a  similar  effect  to  that  caused  by 
a  decrease  in  fall. 

Many  water-power  plants  otherwise  well  designed  are  rendered 
inefficient  by  bringing  the  water  to  the  turbine  in  pipes  which  are 
too  small  for  the  quantity  they  have  to  carry.  If  much  water  is  to 
pass  through  a  small  pipe  it  must  of  necessity  flow  fast.  Except 
under  unusual  conditions,  even  for  large  sized  pipes,  no  higher  speed 
than  6  ft  per  second  should  bo  used.  High  speeds  of  flow  involve  a 
loss  of  working  head.  For  example: — If  a  pipe  1000  ft. long,  with 
100  ft  fall,  is  7  in.  diam.,  and  the  quantity  of  water  flowing  tbroueh 
it  is  100  cub.  ft.  per  minute,  the  speed  is  6  ft.  per  second.  The 
pressure  at  the  bottom  of  the  pipe  is  43  lb.  per  sq.  in.  when  no  water 
is  passing,  but  when  100  cub.  ft.  per  minute  is  flowing  through,  the 
pressure  is  reduced  to  33j^  lb.  per  sq.  in. ;  this  is  equal  to  a  loss  of 
22  ft.  head.  A  9-in.  pipe  should  be  used  if  it  is  important  to  make 
the  most  of  the  water  power ;  the  loss  will  then  be  under  7  ft,  or  only 
7  per  cent,  instead  of  22  per  cent. 

Motors. — Water  motors  are  divided  into  two  classes,  vertical  water 
wheels  and  turbines,  which  are  mostly  horizontal.  Vertical  water 
wheels  are  classed  as  undershot  wheels,  breast  wheels,  and  overshot 
wheels.  Their  efficiency  varies  very  much  according  to  the  circum- 
stances under  which  they  perform  tneir  work.  Breast  and  overshot 
wheels  give  up  to  75  per  cent,  of  the  theoretical  power. 
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Ordinary  paddle  water  wheels  are  not  much  used  in  this  conntiy, 
Irat  can  be  seen  in  large  livers  on  the  Continent,  where  they  float  in 
the  middle  of  the  stream.  Their  diameter  varies  from  12  to  20  ft. 
The  speed  on  the  circumferenoe  is  abont  half  the  speed  of  the  stream. 
Their  efficiency  ranges  from  25  per  cent,  to  30  per  cent. 

Undershot  wheels  are  mostly  used  for  small  falls,  generally  less 
than  3  ft  The  diameters  var^^  from  10  to  20  ft.,  liie  speed  on  cir- 
camference  being  about  equal  to  half  the  speed  of  the  stream,  similar 
to  the  paddle  water  wheel,  and  the  efficiency  is  also  the  same,  ranging 
item  25  to  30  per  cent. 

The  Poncelot  wheel  ranges  in  diameter  from  10  to  20  ft.,  the 
ipeed  on  circumference  varying  from  10  to  12  ft.  per  second,  efficiency 
being  from  50  to  55  per  cent.     The  fall  is  about  4  or  5  ft. 

There  are  two  kinds  of  breast  wheels,  the  low  and  the  high.  The 
diameters  of  these  wheels  vary  from  the  fall  of  the  water  to  double 
this  measurement.  The  speed  on  circumferencte  ranges  from  5  to  6  ft., 
and  the  efficiency  from  55  to  75  per  cent.  The  water  enters  the  low 
breast  wheel  slightly  below  its  centre,  and  in  the  case  of  the  high 
breast  wheel  it  enters  above  the  centre. 

Overshot  wheels  are  generally  used  where  high  falls  can  be 
obtained,  and  but  small  water  quantums.  Their  diameters  are 
generally  equal  to  the  fall,  or  slightly  higher,  the  speed  on  circum- 
ference being  from  4  to  5  ft.,  and  the  efficiency  from  Qb  to  70  percent. 

Below  is  given  a  table  of  water  wheels  with  their  usual  diameters, 
and  the  head  of  water  at  which  they  work  most  satisfactorily : — 


Fall,  QuAKTmr  of 

Watbb,  and  Efpicienct  op  Wateb  Wheels. 

KindofWbeeL 

SuiUble  for  Falls  of 

Gallons  of  Watsr 
per  second. 

Efflclrac7. 
percent. 

Paddle         

rnderebot 

Poooelot      

Low  breast         

High  breast        

PUdi-back 

Orenhot     

din.  to    1ft. 

Gin.  to   3ft. 

9  in.  to    5  ft. 

20.  to    5ft. 

5  ft  to  10  ft. 
10  ft.  to  30  ft. 
15  ft.  to  40  ft. 

50  to    200 
20  to  1000 
20  to    800 
20  to    600 
20  to    600 
15  to    200 
10  to    100 

25  to  30 
25  to  .SO 
50  to  60 
70  to  75 
70  to  75 
70  to  75 
65  to  70 

With  paddle  and  undershot  wheels,  the  quantity  of  water  is  of 
leas  importance,  as  in  cases  where  such  wheels  are  used  there  is 
generally  more  water  available  than  is  necessary  to  drive  them.  The 
pitch-hack  water  wheel  mentioned-  in  the  table  is  similar  to  an  over- 
shot wheel,  but  turns  in  the  same  direction  as  the  breast  wheel,  that 
is,  in  the  opposite  direction  to  which  the  water  is  running.  All 
paddle,  undershot,  and  Poncelot  wheels  work  in  the  same  direction  as 
the  stream  is  flowing. 

The  only  merit  possessed  by  the  preceding  forms  of  water  motor 
is  their  simplicity,  making  them  available  where  a  more  efficient  but 
more  complex  form  would  be  undesirable,  owing  to  inability  to 
execute  necessary  repairs.  Whenever  possible,  they  are  now  replaced 
I7  tnrbioes,  whose  great  advantage  is  that  they  utilise  the  vis  viva 
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possessed  by  the  water  in  virtue  of  the  velocity  with  which  it  arrives 
npOD  the  wheel,  this  velocity  being  due  to  height  of  fall.  The  water 
is  brought  upon  the  buckets  or  blades  of  the  turning  portion  of  the 
wheel,  or  turbine  proper,  by  channels  distributed  over  the  whole,  or 
sometimes  over  a  portion  only  of  the  circumference  of  the  turbine ; 
these,  with  their  various  parts,  constitute  the  fixed  part  of  the  wheel, 
sometimes  called  the  distributor.  Turbines  may  be  ejected  upon 
either  vertical  or  horizontal  shafts.  There  are  two  classes  of  turbines 
with  a  vertical  shaft  In  those  of  the  first  class  the  water  arrives 
horizontally  upon  the  blades  of  the  revolving  part  of  the  wheel  through 
the  interior  of  the  latter,  and  issues  horizontally,  thus  flowing  away 
from  the  axis.  The  revolving  blades  form  thus  a  series  of  verticid 
cylindrical  channels  included  between  two  horizontal  walls.  In  those 
of  the  second  class,  the  water  enters  the  wheel  from  above  and  issues 
from  below,  remaining  thus  at  a  constant  distance  from  the  axis. 

In  any  application  of  water  power,  or  indeed  any  other  form  of 
power,  cej-tain  losses  of  efiect  are  unavoidable ;  but  the  turbines  made 
on  the  "  vortex  "  pattern,  as  designed  by  the  late  Prof.  J.  Thomson, 
and  manufactured  by  Oilbert  Gilkes  &  Co.,  Kendal,  materially  reduce 
these  losses.  Id  them  the  power  is  obtained  with  slower  velocity  of 
water  than  in  ordinary  turbines.  This  is  effected  by  balancing  the 
centrifugal  force  of  the  water  in  the  revolving  wheel  against  the 
pressure  due  to  half  the  head,  so  that  only  fme-hcdf  the  fall  or  head  is 
employed  in  giving  velocity  to  the  water,  the  other  half  acting  simply 
in  the  condition  of  fluid  pressure.  Hence  the  velocity  of  the  water 
in  no  part  of  its  course  exceeds  that  due  to  one-half  of  the  fall,  and 
the  loss  from  fluid  friction  and  agitation  of  the  water  is  thus 
materially  lessened.  The  principle  of  injection  of  the  water  from 
without  towards  the  centre  produces  another  saving  of  effect,  since 
it  admits  of  the  use  of  long  and  well-formed  channels,  by  which  the 
water  is  made  gradually  and  regularly  to  converge  in  passing  from 
the  outer  chamber  (where  it  is  comparatively  at  rest)  to  the  point  of 
entrance  to  the  wheel  chamber,  where  its  velocity  should  be  greatest 
Further,  from  the  same  principle  of  injection  towards  the  centre, 
there  is  an  accordance  between  the  velocities  of  all  parts  of  the 
moving  wheel  and  the  proper  velocities  of  the  water  in  its  passage 
between  the  points  of  entrance  and  discharge.  The  water  when  it 
has  its  greatest  velocity  is  admitted  to  the  circumference  of  the  wheel, 
which  18  the  most  rapidly  moving  part,  and  when  it  has,  as  far  as 
possible,  imparted  its  power  to  the  wheel,  leaves  at  the  central  portion, 
which  has  the  least  motion.  The  water  enters  from  the  guide 
passages,  with  the  velocity  at  which  the  outer  circumference  of  the 
wheel  is  moving  and  without  change  of  direction,  so  that  there  is  no 
loss  from  impact.  The  steadiness  and  regularity  of  motion  of  vortex 
turbines  are  remarkable,  consequent  upon  the  action  of  the  centrifugal 
force  of  the  water,  which  on  any  increase  in  the  velocity  of  tha, 
revolving  wheel  augments,  and  so  checks  the  supply  entering  from 
the  guide-passages ;  and  on  any  diminution  of  the  velocity  of  th0 
wheel,  decreases  and  admits  the  water  more  ftieely;  thus  counter- 
acting, in  degree,  the  irregularities  of  speed  arising  from  variationl 
in  the  work  to  be  performed. 
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THe  double  vortex  with  movable  guide-blades  is  the  best  means 
of  applying  water  power  in  many  situations,  and  should  be  adopted 
on  2kll  medium  and  high  falls  in  cases  in  which  the  amount  of  power 
employed  varies  considerably  at  different  times,  and  the  saving  of 
water  is  important,  so  that  it  is  necessary  to  use  as  small  a  quantity 
as  possible  to  do  the  work  required  ;  or  when  the  available  supply  of 
water  is  at  times  less  than  the  full  amount  for  which  the  turbine  is 
designed.  The  consumption  of  water  can  tben  be  economised  to  the 
utmost,  as  the  passages  can  be  regulated  to  admit  only  the  exact 
quantity  needed  to  do  the  work,  or  to  suit  the  available  supply.  If 
the  power  required  and  the  quantity  of  water  available  be  very  con- 
stant, the  guide-blades  may  be  fixed  and  the  apparatus  simplified,  a 


Fig.  3 —Turbine  House,  Heltelltk. 

considerable  saving  in  first  cost  being  effected.  The  orifices  through 
which  the  water  is  directed  on  to  the  revolving  wheel  are  made  of 
each  a  size  as  is  necessary  for  the  passage  of  the  quantity  intended  to 
be  consumed  when  the  turbine  is  in  full  work. 

When  the  fall  of  water  is  very  high,  the  periphery  of  a  turbine 
wheel  must  move  at  a  very  high  speed,  and  if  the  revolving  wheel  is 
submerged,  as  in  the  case  of  Vortex  or  Lunedale  turbines,  there  is 
some  loss  of  power  in  the  friction  of  the  wheel-covers  against  the 
water.  Again,  if  the  wheel  be  of  so  small  a  diameter  as  to  admit  of 
an  arrangement  by  which  it  rc^'*"*"  *^'>  water  all  round,  the  speed 
of  the  axis  must  be  very  h'  inconveniently  so.     It  is 

therefore,  in  the  case  of  a  hif  7  to  make  a  wheel  of  such 

diameter  as  will  suit  the  sp  id  to  construct  it  in  such 

a  manner  that  it  need  not  i  all  round,  and  need  not 

c  2 
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nm  snbmerged.     Such  are  known  as  **  Impulse  Turbines.*'    There  is 
no  pressure  between  the  guide-blades  and  the  wheel,  and  as  the  water 


§ 

T 


enters\the  buckets  with  no  pressure  it  is  freely  deviated  by  them,  an. 
takes  avcourse  quite  independent  of  their  shape.     The  action  of  tb 
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water  on  the  wheel  depends  on  the  angle  through  which  each  particle 
is  deviated  whilst  freely  flowing  over  the  buckets,  and  as  these  latter 
are  not  inll  there  is  no  disturbance  of  the  action  as  they  pass  in  front  of, 
or  away  from,  the  jets.   The  well-known  Girard  turbine  is  of  this  type. 

The  transmission  of  power  obtained  from  water,  to  a  considerable 
distance,  for  use  underground,  is  very  well  illustrated  at  the  lead 
mines  of  the  Greenside  Mining  Co.,  near  the  village  of  Patterdale,  at 
the  head  of  Ulleswater.  The  mines  are  on  the  slopes  of  Helvellyn. 
The  Bed  Tarn  and  the  Keppel  Cove  Tarn  form  the  natural  reservoirs 
in  which  the  water  is  stored  for  use  in  these  mines.  Although  this 
water  is  stored  many  hundred  feet  above  the  place  where  the  power 
is  required,  it  has  until  recent  years  been  allowed  to  flow  down  the 
stream  bed  until  it  reached  the  mines,  where  it  was  made  use  of  in 
Vortex  turbines  and  water  wheels ;  but  since  it  has  become  easy  to 
transmit  the  power  electrically,  the  water  is  made  to  do  work  on  its 
way  downhill  from  the  reservoirs.  A  channel  has  been  cut  from  the 
Tarns,  nearly  following  the  contour  lines  for  about  a  mile,  where  the 
water  passes  into  a  timber  pen  trough  at  the  head  of  15  in.  pipes, 
which,  descending  veiy  rapidly,  bring  the  water  into  the  turbine 
house  (Fig.  3).  This  house  is  400  ft.  below  the  pentrough,  and 
contains  the  turbine  (Fig.  4),  which  is  capable  of  giving  10(7  h.p. 
This  turbine  drives  a  aynamo,  and  the  current,  at  500  volts,  is  con- 
veyed to  the  mines  as  diown  in  Fig.  3. 

The  Pelton  wheel  possesses  undoubted  advantages  over  some  other 
turbines  on  very  high  falls.  In  common  with  the  Girard,  its  efficiency 
is  unaffected  by  the  diameter  of  the  wheel,  and  therefore  the  nimiber 
of  revolutions  may  be  made  small  or  great  as  reqtiired.  It  is,  more- 
over, cheap,  is  easily  kept  in  repair,  and  its  efficiency  under  high  falls 
is  good,  lliere  are  some  cases  in  which  it  is  the  best  form  of  turbine 
that  can  be  used.  In  remote  mining  districts,  duplicate  buckets  or 
nozzles  can  be  fixed  by  any  intelligent  labourer.  In  mining  work, 
when  the  water,  before  it  reaches  the  turbine,  has  been  used  fur  sort- 
ing or  milling,  it  contains  sand,  which  in  time  cuts  both  the  nozzles 
and  the  buckets,  and  it  is  a  great  advantage  to  be  able  to  replace 
these  without  more  than  a  few  minutes'  stoppage.  The  annexed  table 
gives  approximate  costs  of  Pelton  wheels  to  develop  various  powers 
with  certain  heads  of  water : — 


IIP. 

100  ft. 

200  ft. 

300  ft. 

400  ft. 

600  ft. 

600  ft. 

700  ft. 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

10 

86 

22 

16 

8 

10 

12 

14 

20 

42 

30 

23 

25 

18 

19 

20 

30 

56 

40 

81 

26 

26 

20 

21 

40 

70 

46 

38 

32 

27 

27 

24 

50 

71 

46 

89 

83 

83 

28 

29 

75 

90 

55 

45 

89 

40 

34 

35 

100 

92 

66 

52 

46 

40 

41 

36 

150 

118 

87 

62 

53 

47 

48 

41 

200 

120 

100 

63 

54 

54 

49 

50 

900 

120 

102 

109 

65 

66 

54 

52 

400 

135 

110 

111 

86 

67 

68 

55 

500 

150 

130 

113 

117 

89 

72 

69 
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Calculating  H.P.  given. — The  driving  power  of  water  is  obtained 
by  its  weight,  and  not  by  its  velocity. 

The  power  developed  by  a  certain  weight  of  water  falling  a 
certain  height  is  equal  to  the  product  of  the  water  in  lb.  and  the  fiill 
in  ft.  The  theoretical  power  in  a  fall  of  the  water  is  consequently 
equal  to 

62*4  lb.  X  cub,  ft.  pereeoond  x  fall  in  ft. 
550 

62 '4  lb.  being  the  weight  of  1  cub.  ft.  of  water,  and  550  foot 
pounds  per  second  being  equal  to  1  h.p.  Some  wheels,  however,  are 
driven  by  sea  water,  sewage,  or  small  streams  containing  impurities 
from  factories  higher  up  the  stream.  In  such  cases  the  formula 
given  would  be  incorrect,  as  it  is  based  on  1  cub.  ft.  of  water  weigh- 
ing 62  •  4  lb.  Sea  water,  for  instance,  weighs  64*  1  lb.  per  cub.  ft.,  and 
sewage  water  will  be  found  to  weigh  63  lb.  per  cub.  ft.,  which  would, 
of  course,  give  a  larger  result  than  that  mentioned  in  the  formula. 

The  theoretical  power  cannot  by  any  means  be  said  to  be  the 
power  available  from  the  mill  wheel  shaft,  as,  in  the  first  place,  there 
is  a  leakage  of  water  to  be  deducted  from  the  efficiency,  and  in  ad- 
dition to  this  much  power  is  lost  by  the  friction  caused  in  overcoming 
the  resistance  of  the  water  wheel,  and  in  this  fact  will  be  found  the 
reason  for  the  low  percentage  of  power  given  by  some  water  wheels. 

From  the  last  column  of  the  table  on  p.  17,  it  will  be  seen  that 
there  is  a  loss  of  from  25  per  cent,  to  75  per  cent.,  according  to  the 
type  of  water  wheel.  To  calculate  the  actual  power  which  may  he 
expected  from  a  wheel,  the  formula  given  will  be  found  sufficient,  but 
deduction  must  be  made  in  accordance  with  the  efficiency.  For  in- 
stance, if  the  wheel  is  of  the  pitch-back  type,  and  of  good  construction, 
it  may  be  expected  to  produce  75  per  cent,  of  the  useful  effect  or 
efficiency,  consequently,  from  the  result  obtained  by  the  table,  25  per 
cent,  has  to  be  deducted. 

Turbines,  in  addition  to  generally  giving  a  larger  efficiency,  may 
be  said  to  possess  still  another  advantage  over  water  wheels,  owing 
to  the  fact  that  they  run  at  a  higher  speed,  which  can  be  directly 
transmitted  in  first  motion  shaft,  while  the  action  of  the  water  wheel 
is  so  slow  that  it  generally  necessitates  several  pairs  of  geared  wheels 
in  order  to  obtain  the  desired  speed,  thus  causing  a  further  outlay  of 
power, 

OiX  Engines. — The  novel  and  important  feature  of  the  oil  engine  is 
the  use  of  the  common  petroleum  of  commerce  (kerosene  and  lamp  oil) 
at  once  as  fuel  and  working  agent.  From  the  petroleum  in  its  crude 
state  are  obtained  several  oils — liquid  hydrocarbons.  The  heavy  oil 
remaining  from  the  distillation  is  an  excellent  liquid  fuel,  and  is  used 
with  most  satisfactoiy  results  for  generating  steam,  &c.  The  light 
or  volatile  products  of  petroleum,  such  as  benzoline,  gasoline,  &c, 
have  been  used  for  producing  motive  j>ower,  but  are  used  in  a  similar 
way  to  steam,  and  very  many  and  serious  accidents  have  happened 
with  them.  The  other  products  from  the  crude  petroleum  are  the 
intermediate  oils,  light  lubricating  oils  and  kerosene,  or  ordinary 
lamp  or  burning  oils,  and  it  is  that  form  of  hydrocarbon  that  is  used 
as  the  source  of  power  in  the  oil  engine,  the  method  employed  being 
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the  oombostion  of  tbe  oil  within  the  cylinder  of  the  engine.  That 
oil  ifl  now  procnrable  in  all  civilised  countries  at  prices  ranging  in 
some  places  from  3}€2.  per  gal.  or  even  less.  The  engine  is  complete 
in  itself;  it  requires  no  boiler  to  give  a  supply  of  steam,  no  supply  of 
gas,  the  power  in  the  oil  engine  being  obtained  direct  from  tne  oil 
which  is  in  the  supply  cistern,  the  engine  having  to  prepare  its  own 
charge  of  vapour  for  combustion.  It  has  been  found  that  the  most 
satisfactory  and  only  really  reliable  method  of  utilising  the  petroleum 
as  a  source  of  power  is  to  emplov  it  in  the  internal-combustion  type 
of  engines  in  a  similar  way  to  that  in  which  coal  gas  is  used.  The 
engine,  therefore,  in  general  construction  is  very  similar  to  a  gas 
engine,  working  as  it  does  upon  the  same  principle — that  is,  by  the 
internal  combustion  of  a  mixture  of  gas  and  air.  In  the  oil  engine 
the  petroleum  becomes  the  substitute  for  the  gas,  it  being  vaporised 
hefore  entering  the  cylinder,  and  the  heat  generated  by  the  combus- 
tion of  a  mixture  of  oil  vapour  and  air  inside  the  cylinder  is  used 
directly  to  expand  the  products  of  combustion  and  drive  forward  the 
piston.  In  the  horizontal  type  of  engine  the  cylinder  and  outside 
working  parts  rest  and  are  fitted  upon  the  foundation  or  bed-plate, 
which  is  a  casting,  hollow  and  of  box  form.  Inside  this  bed-plate, 
and  resting  upon  a  sole  plate  which  covers  the  entire  under  side  of 
tlw  bed-plate,  is  the  reservoir,  a  closed  iron  vessel,  in  which  is  con- 
tained the  oil  for  working  the  engine.  The  apparatus  for  vaporising 
the  oil  is  also  fitted  within  the  bed-plate ;  and  in  connection  with  the 
reservoir,  upon  the  side  of  the  engine,  is  an  air  pump,  which  supplies 
air  to  the  oU  reservoir,  that  being  necessary  for  forcing  the  oil  tlurough 
the  spray  maker  into  the  vaporiser.  The  action  of  the  engine  is 
briefly  this :  The  vapour  is  formed  by  the  oil  being  forced  from  the 
reservoir  through  a  pipe  leading  to  the  spray  maker.  There  a  fine 
jet  of  oil  is  met  at  the  nozzle  by  a  supply  of  air,  and  is  completely 
broken  up  into  a  fine  spray,  which  enters  the  chamber  called  the 
Tiporiser ;  that  being  warm,  the  spray  is  quickly  turned  into  vapour, 
tnd  is  ready  for  being  drawn  into  the  cylinder,  together  with  the 
necessary  amount  of  air  to  make  a  combustible  charge.  An  explosion 
takes  place  in  the  cylinder  every  second  revolution,  the  action  of  the 
piston  upon  its  forward  stroke  being  to  draw  into  the  cylinder  a 
charge  of  vapour;  upon  its  return  that  charge  is  compressed,  and 
upon  the  crank  turning  its  centre,  an  electric  spark  in  the  cylinder 
ignites  the  charge,  giving  the  requisite  impulse  to  the  piston.  The 
return  stroke  then  exhausts  the  spent  vapour,  and  the  next  stroke 
recommences  the  cycle.  The  spent  vapour  thus  liberated,  being  at 
this  point  at  a  high  temperature,  is  allowed  to  pass  around  the 
y&poriser,  so  that  the  heat  is  utilised  in  aiding  the  C(»nversion  of  the 
inooming  oil  into  vapour.  After  doing  service  in  this  way  it  escapes 
through  the  exhaust  pipe.  The  electric  spark  which  fires  the  com- 
prened  charge  is  produced  by  allowing  a  current  of  electricity  to 
play  between  the  endH  of  two  platinum  wires,  which  pass  through  the 
two  insulating  porcelains  in  the  igniting  plug,  these  being  connected 
to  an  induction  coil,  for  which  a  current  is  obtained  from  a  simple 
primary  battery  of  the  Bunsen  type.  The  oil  engine  is  made  in 
various  forms,  but  the  same  method  of  working  is  carried  out  in  all. 
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The  reservoir  in  the  bed-plate  generally  contains  sufficient  oil  for  a 
day's  work,  bnt  in  case  of  a  prolonged  run  being  neoessary  the  supply 
of  oil  may  be  replenished  m  the  reservoir  without  stopping  the 
engine,  either  by  gravitation  from  a  larger  oil  supply  tank,  or  by 
forcing  it  in  by  a  hand  pump.  Amongst  the  openings  for  oil  engines, 
tbeir  use  in  collieries,  mines,  &c.,  for  underground  work  is  specially 
noticeable.  In  deep  workings  of  mines,  the  pumping  of  water,  haul- 
ing, &o.,  has  always  been  a  source  of  trouble  and  expense,  particularly 
when  a  considerable  distance  from  the  bottom  of  the  shaus,  so  many 
difficulties  attending  the  use  of  steam,  compressed  air,  <S^a,  apart  from 
the  cost  of  conducting  such  power,  steam,  ^c,  in  pipes  for  long  dis- 
tances underground. 

Among  the  objections  to  steam  are  (1)  loss  of  power  by  condensa- 
tion ;  (2)  increase  of  temperature  of  intake  or  return ;  (3)  difficulties 
in  dealing  with  the  exhaust;  (4)  bad  effect  of  the  exhaust,  Ac,  Le. 
moisture  and  increased  temperature  on  the  roof  stone ;  (5)  its  use  in 
confined  places  attended  with  danger  in  case  of  leakages. 

With  compressed  air,  some  of  the  objections  are  dispensed  with, 
but  only  comparatively  small  useful  effect  is  obtained,  more  especially 
at  high  pressures. 

In  some  cases  where  the  oil  engine  has  been  adopted  no  other 
system  can  compare,  either  in  first  cost  or  actual  working  expenses, 
with  it 

At  one  collieiy  a  set  of  pumps  were  originally  worked  from  the 
tail  rope  of  the  haulage  system,  and  to  dispense  with  this  an  oil 
engine  and  a  double-acting  pump  were  put  down.  These  were  placed 
at  a  distance  of  about  2400  yd.  from  the  shaft,  and  at  a  point  165 
vertical  ft.  in  the  dip.  The  engine  was  of  5-h.p.,  and  drove  the  pump 
by  belt,  this  being  double-acting,  having  a  barrel  6  in.  diam.,  with  a 
stroke  of  18  in. ;  the  water  was  forced  a  distance  of  1320  yd.  to  a 
height  of  72  ft.  The  engine  house  was  walled  in  with  two  brick 
partitions,  and  the  temperature  never  exceeded  65**  F.  The  cost  of 
working  the  oil  engine  plant  was  only  10«.  Sd.  per  10  hours,  but  here 
one  man  was  charged  for  as  being  always  occupied  at  the  engine, 
whereas,  in  reality,  after  the  engine  was  started  it  could  be  left 
and  the  man  employed  elsewhere.  The  cost  of  working  the  pump 
from  the  tail  rope  per  10  hours  was  34«.,  or  more  than  thrice  as 
much. 

For  rock  drilling  in  ironstone  mines,  A.  L.  Steavenson,  of  Durham, 
has  put  to  work  a  number  of  drills  worked  by  oil  engines,  the 
apparatus  being  specially  designed  by  him.  The  power  is  trans- 
mitted by  means  of  a  rope  band  running  in  grooved  pulleys ;  the 
spindle  actuates  the  drill  through  bevel  wheels  connected  to  drill 
spindle.  There  is  provision  made  in  that  to  allow  of  the  drill  being 
released  and  drawn  out  when  the  hole  has  been  bored  deep  enough. 
The  position  of  the  drill  can  be  altered  so  as  to  cover  the  face  of  the 
rock  up  to  10  ft.  high  by  14  ft.  wide.  The  result  of  working  has 
proved  that  two  holes,  each  5  ft.  6  in.  deep  by  2  in.  diam.,  have  been 
drilled  in  5  minutes,  including  the  time  required  for  changing  the 
drills  and  moving  from  the  first  hole  to  the  second.  The  averages 
taken  over  several  days  showed  on  one  occasion  59  such  holes  per  day 
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of  8^  hours,  with  one  skilled  attendant.  The  tonnage  per  day  was 
estimated  at  150  tons,  at  a  total  cost  of  8|<2.  per  ton  for  labour,  engine 
maintenance  and  fuel,  as  against  20  tons  by  hand  labour  at  a  cost  of 
If.  per  ton.  The  large  cost  of  the  necessary  piping  and  plant  for 
drilling  by  aid  of  compressed  air,  and  the  horious  loss  of  power  by 
leakage,  were  the  reverse  of  satisfactory,  but  the  use  of  the  oil  engine 
dispensed  with  these  difiBculties. 

It  is  not  quite  fair  to  compare  the  economy  of  the  oil  engine  with 
that  of  the  steam  engine,  as  they  are  used  under  different  circum- 
stances. One  gallon  of  petroleum  weighs  about  8  lb.,  and  at  4d.  this 
would  be  Jd.  per  lb.  A  ton  of  coal  will  be  10«.,  or  y^d,  per  lb.,  against 
Jii.  for  oiL  Coal  is  therefore  one-tenth  the  price  of  petroleum,  but  the 
theoretical  heat  units  of  the  coal  are  about  12,000,  while  those  of  the 
petroleum  are  21.000  or  22,000,  or,  roughly  speaking,  about  double. 
Thus,  while  coal  is  one-twentieth  the  price  of  oil  it  is  only  half  as 
efficient.  If  oil  were  reduced  to  Id.  per  gal.  then  it  and  coal  would 
be  on  an  equality. 

In  regard  to  cost  of  working,  oil  engines  can  not  yet  compete  with 
the  steam  engine  here  using  coal.  But  Uiat  is  not  the  point  altogether. 
Before  coal  can  be  used  in  the  steam  engine  we  must  have  a  boiler 
and  water.  A  good  boiler  will  evaporate  10  lb.  of  water  per  lb.  of 
coal  used.  In  those  situations  where  the  coal  and  water  have  to  be 
O'uveyed  to  the  engine,  we  should  have  10  lb,  of  water  and  1  lb.  of 
coal,  altogether  11  lb.,  doing  the  work  of  J  lb.  of  petroleum.  It  is  in 
BQch  situations  that  oil  endues  will  be  very  advantageous,  also  for 
rock  boring  at  the  ends  of  headways  in  non-fiery  mine^  which  are  a 
long  way  from  the  shaft. 

Electric  Power. — An  electrical  power  plant  consists  of  four  essential 
parts : — (a)  steam  or  water  power  to  drive  the  dynamo ;  (6)  dynamo 
in  which  the  power  is  converted  into  electrical  energy ;  (c)  conductor 
by  which  the  current  is  carried  from  the  dynamo  to  the  motor; 
(i)  motor  which  reconverts  the  electrical  energy  into  mechanical 
work.  The  motor  is  simply  a  machine  capable  of  giving  so  many 
hp.,  and  may  be  coupled  to  any  required  work  by  the  ordinary 
methods — belting,  gearing,  &o.  It  is  not  necessary  to  understand 
the  principles  of  the  motor  in  order  to  successfully  work  an  electrical 
plant. 

Electric  motors  are  being  used  successfully  for  drilling  by  impact 
and  boring  with  diamond  drills,  and  are  able  to  compete  with  steam 
or  compressed  air.  In  rapid  tunnelling,  in  running  adit-levels,  in 
deep  and  crooked  workings,  or  in  all  work  requiring  hasty  construc- 
tion, the  great  trouble  and  expense  of  shifting  and  relaying  pipes, 
with  great  losses  due  to  leakage,  &c.,  are  avoided;  the  necessary 
wires  are  simply  cleated  to  wall  or  posts  as  work  advances,  thus 
always  being  entirely  out  of  the  way.  Furthermore,  the  room  which 
pipes,  &C.,  occupy  in  shafts  is  by  no  means  small,  and  is  an  important 
item  to  be  considered  as  compared  with  wires. 

A  mine  ventilated  by  electricity,  as  it  could  be  if  electricity  were 
^teed  for  drilling,  &a,  would  not  require  compressed  air  for  the  benefit 
uf  the  men. 

The  original  cost  of  a  compressed-air  plant  and  its  maintenance  is 
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much  greater  than  that  of  the  electric  system,  and  for  large  work,  it  is 
not  as  economical  to  operate. 

For  short  distances  only,  and  in  open  work,  steam  may  be  more 
adyantageonsly  employed;  beyond  these  conditions  it  cannot  be 
considei^  a  competitor. 

In  placer-mining,  and  in  mines  of  but  a  few  hundred  feet  in  depth, 
also  where  there  is  uncertainty  as  to  the  location  of  workings,  or  the 
permanence  of  the  location  temporarily  selected,  as  well  as  in  all 
preliminary  explorations,  &c.,  the  electric  motor  is  so  easily  moved 
and  applied,  and  its  scope  so  great,  that  it  is  cheaper  and  better  than 
any  other,  beyond  certain  limits.  In  very  deep  and  large  mines, 
however,  permanently  located,  probably  steam,  acting  direct,  is  to  be 
preferred. 

The  best  known  application  to  mining  haulage  was  made  in  1882, 
at  the  Zauckerode  pit,  near  Dresden,  in  Saxony.  They  employ  there 
some  800  wagons,  each  of  about  3  cub.  ft.  capacity.  The  motors  are 
of  6  h.p.,  and  haul  trains  of  from  10  to  20  wagons,  maximum  weight 
13  tons,  at  a  speed  of  about  5  miles  per  hour.  The  length  of  track 
is  \  mile.  The  cost  of  operation  has  been  about  |d.  per  ton.  The 
total  cost  of  the  plant  was  about  8002. 

Since  then  ereat  improvements  have  been  made  in  the  e£&ciencies 
of  motors,  which  to-day  range  from  85  to  95  per  cent. 

Pumping  is  a  most  impr»rtant  application.  For  practical  working, 
the  only  methods  now  employed  to  aiiy  considerable  extent  are  those 
of  direct-acting  steam-pumps  and  pumps  operated  from  the  surface 
through  wooden  beams.  Compressed  air  is  too  expensive,  and  there 
is  no  practical  motor  for  driving  pumps.  Wire  ropes  are  likewise 
expensive  and  inapplicable;  and  any  hydraulic  method  is  out  of 
the  question.  Steam,  for  any  considerable  distance,  is  entirely  im- 
practical. 

The  apnlication  of  the  electric  motor  is  simple,  since  most  pumps 
are  adapted  for  belts  or  gears.  The  only  thing  to  provide  for  is  a 
belt  or  a  pinion  for  the  armature-shaft.  The  intervening  distance 
between  the  power-station,  on  the  surface,  and  the  point  where  the 
pump  is  needed,  is  of  small  consideration  as  regards  construction,  for 
copper  wires  can  be  easily  run  irrespective  of  distance  or  oonditions. 

A  number  of  applications  have  already  been  made,  notably  at 
St.  John's  colliery,  Normanton,  and  at  the  Thallem  colliery,  on  the 
Danube.  Another  application  is  a  small  plant  at  the  Trafalgar  colliery, 
where  the  duty  of  the  motor  is  to  pump  114  gal.  per  minute  through 
3900  ft.  of  7-in.  pipe,  with  a  lift  of  300  ft. 

One  of  the  most  interesting  installations  for  electrical  transmission 
of  power  for  coal  mining  purposes  in  Europe  is  in  operation  at  the 
Decize  Collieries,  France.  This  installation  is  remarkable  firom  the 
fact  that  diphase  alternating  currents  are  employed  for  transmission, 
and  diphase  alternating  current  motors  are  used  for  reconverting  the 
electrical  energy  into  mechanical  power  at  the  dififerent  pits.  In 
designing  this  plant  the  problem  to  be  solved  was  to  erect  a  central 
generating  station  for  the  distribution  of  electrical  energy  at  the 
different  pits  where  it  could  be  utilised  in  electromotors  for  operating 
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ventilating  faDB,  hauling  machinery,  pumps  and  for  lighting  purposes. 
A  general  idea  of  what  had  to  be  aocomplished  is  shown  in  me  annexed 
table:— 


Distance 

Site. 

from 

Etedrical  Machtnery  or  Lamps  recdviiig  the 

GeDenting 
Sutloo. 

l.-Wert. 

Tsrdi 

PoiUdes  ChAgnats 

,, 

5090 

80  h.p.  eleotrio  motor.* 

FendnedeeLaoets.. 

,, 

8466 

,, 

Poits  des  Coupes    .. 

^, 

2058 

* 

19                    )y 

PdtB  des  Zagots     .. 

,, 

1084 

Electric  hanling  machioe  of  15  h.p.t 

t-6eoentiDg  station. 

Yarioos  installations 

,, 

— 

6  aro  and  100  iooandesoent  lamp8.t 

a-Esst 

Fendne  de  Marizj  .. 

.. 

1800 

80  h.p.  electric  motor  and  24  arc  ]amps.§ 

Sorthig  and  washing  shopsl 
ofthePrtChsrpin     ../ 

2490 

500  incandescent  lamps  of  16  cp.t 

ChampTcrt       ..     .. 

•• 

8250 

12  h.p.  electric  motor.) 

*  Used  for  ventiUtiiig  fian.  f  Inclined  plane.  %  Lighting. 

^  VcDtilaiing  llui  tad  lighting.  B  Pomplng. 

The  generating  station  is  situated  respectively  at  3*1  miles  and 
1*86  miles  from  the  extreme  points  which  have  to  be  supplied  with 
current.    It  contains  a  battery  of  6  boilers  and  2  units  (steam  engines 
and  dynamoe\  each  of  a  capacity  of  100  kilowatts ;  a  farther  unit  will 
Bhortly  be  laid  down.     The  two  units  may  be  worked  singly  or  in 
panlleL      The  engines  are  horizontal  non-condensing,  running  at 
^  rey.  per  minute,  and  driving  the  diphase  alternators  by  belting. 
Each  electrical  unit  comprises  a  twin  alternator,  or  in  reality  two 
machines,  placed  one  at  each  end  of  the  shaft,  the  driving  pulley 
carrying  the  engine  belt  being  arranged  in  the  middle  of  the  shaft. 
Where  current  is  employed  boSi  for  lighting  and  for  power  purposes, 
one  of  the  circuits  may  become  more  loaded  than  another,  and  in  this 
event  the  equilibrium  mnst  be  established  by  varying  the  ratio  of  the 
electromotlTe  forces.     The  arrangement  adopted  in  the  Decize  instal- 
lati^  allows  of  this  being  accomplished,  as  each  of  the  two  circuits 
hanng  a  distinct  field,  it  is  only  necessary  to  vary  the  exciting  cur- 
rent by  means  of  rheostats  to  get  the  desired  effect.    The  generators 
introduced  are  Zipemowsky  10-pole  alternators,  with  revolving  field 
loagDets.  The  10  field  magnets  are  connected  together  in  series,  and  the 
exciting  current  is  led  to  them  by  means  of  two  metallic  rings  carried 
on  an  extension  of  the  driving  shaft  on  the  opposite  side  to  that  of 
the  driving  pulley — ^that  is  to  say,  on  an  outer  extensiou  of  the  shaft. 
Two  ordinary  brass  brashes  press  upon  these  rings,  to  which  the 
^ting  current  is  furnished  by  a  direct  current  dynamo.    This  latter 
iDadiine  is  operated  by  a  belt  from  the  shaft  of  the  alternator.    At 
^  rev.  a  minute  this  direct  current  dynamo  supplies  the  exciting 
^^'^rrentfbr  the  twin  alternator,  being  between  26  and  30  amperes 
^t  110  volts.     The  fixed  armature  of  the  alternators  is  formed  of 
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■ 

10  coils,  any  one  of  which  can  be  withdrawn  and  replaced  with  little 
trouble. 

After  passing  through  the  switchboard,  the  current  i«  transmitted 
mainly  by  means  of  overhead  wires  to  the  points  of  utilisation,  the 
only  portion  laid  underground  being  towards  the  end  of  the  principal 
line  leading  to  the  Chagnats  Pit.  The  wires  forming  the  overhead 
line  are  of  silicon-bronze,  and  are  carried  on  porcelain  insulators 
attached  to  poles  24  ft.  high.  The  diameter  of  the  wires  constituting 
the  principal  line  to  the  western  part  of  the  district  is  6  mm.,  and 
4  mm.  in  the  case  of  the  remainder  of  the  line.  The  same  poles 
carrying  the  transmission  wires  also  support  telephone  wires,  the 
latter  being  arranged  12  ft.  from  the  ground.  In  order  to  counteract 
the  effects  of  induction  in  the  telephone  wires,  the  line  conductors  are 
crossed  at  distances  averaging  640  yd.,  and  by  this  means  the  difficulty 
of  understanding  conversation  along  the  telephone  wires  which  use 
the  earth  as  return,  has  been  overcome.  The  small  portion  of  under- 
ground line  forms  a  lead-covered  cable,  laid  in  a  wooden  conduit,  as 
also  does  the  telephone  line  for  the  same  distance.  Suitable  lightning 
conductors  are  provided  at  the  generating  and  distributing  sub- 
stations and  at  intervals  along  the  line.  The  electromotors  at  the 
sub-stations,  where  the  current  is  utilised  for  the  diflferent  purposes 
mentioned  in  the  table  given  above,  are  of  the  same  type  as  the 
generators.  These  diphase  motors  are  easily  set  in  operation,  and 
are  to  all  intents  and  purposes  left  to  themselves  for  several  hours 
together.  The  only  attention  they  receive  is  a  visit  eveiy  6  or  8 
hours  to  ascertain  whether  the  motors  are  working  properly.  The 
sub-stations  are  situated  in  the  forest,  and  the  facility  of  working  on 
this  system  as  compared  with  the  erection  in  each  place  of  a  boiler, 
engine  and  ventilating  fan,  is  remarkable,  apart  from  the  question  of 
the  cost  of  transporting  fuel. 

From  the  published  statements  of  leading  electrical  firms,  it  is 
possible  to  deduce  approximate  costs  for  transmission  plants  based  on 
100  h.p.  unita.  The  primary  power  (engine  or  turbine)  is  estimated 
at  8^.  per  h.p.,  the  dynamos  at  6^.  per  h.p.,  and  the  motors  at 
8Z.  per  h.p.,  using  1000  volts.  For  distances  of  a  mile  or  less,  80 
per  cent,  efficiency  can  be  counted  on,  and  the  cost  of  the  electric 
plant  will  be  16Z.  to  17/.  per  h.p.,  and  of  the  total  plant  (including 
engine  or  turbine)  24Z.  to  26/.  per  h!p.  For  distances  up  to  5  miles, 
70  per  cent,  efficiency,  and  27/.  and  36/,  per  h.p.  cost  respectively. 
For  10  miles,  50-55  per  cent,  efficiency,  and  40/.-42/.  and  66/.-58[. 
per  h.p.  cost  respectively. 

Up  to  the  present  time  a  danger  has  been  felt  to  exist  in  the  use 
of  electric  motors  in  fiery  mines,  from  the  fact  that  bad  setting  or 
wearing  of  the  brushes  might  result  in  sparking,  and  ignition  of  any 
gas  that  might  be  present ;  in  fact,  the  use  of  electric  motors  in  any 
mine  where  safety  lamps  were  necessary  has  hitherto  been  considered 
unsafe.  All  previous  attempts  at  the  construction  of  a  safe  motor 
have  taken  the  direction  of  encasing  either  the  whole  machiixe,  the 
armature,  or  the  commutator  and  brushes.  These  arrangements  not 
only  introduced  difficulties  in  the  ventilation  of  the  armature,  but 
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also  Beoessarilj  included  a  considerable  air  space,  so  that  when  this 
space  became  filled  with  gas  it  would  be  possible  for  an  explosion  to 
take  place  inside  the  case,  of  such  yiolence  as  to  entirely  destroy  the 
cover  or  case,  and  communicate  with  the  outside  atmosphere,  thus 
causing  an  explosion.  The  safety  commutator  designed  by  Davis  and 
Stokes,  and  naade  by  John  Davis  and  Sons,  Derby,  overcomes  these 
difficulties,  and  is  so  arranged  that  the  commutator  itself  is  practically 
equivalent  to  a  locked  safety  lamp  enclosing  the  brushes,  since  it  can- 
not be  worked  unless  closed,  and  cannot  be  opened  while  running ; 
the  junction  between  the  fixed  and  the  revolving  portions  of  tne 
machine  being  made  by  a  flame-tight  joint  which  requires  no  packing 
and  causes  no  friction. 

The  most  marked  deviation  from  the  ordinary  commutator  is,  that 
instead  of  the  brush  contact  being  on  the  outside  of  the  cylinder 
formed  by  the  commutator  segments,  this  cylinder  is  hollow,  and  the 
brushes  bear  on  the  inside  face  of  the  segments.  The  method  of  con- 
struction is  as  follows : — The  commutator  segments  are  clamped 
between  a  ring  and  a  disc,  the  latter  being  keyed  on  the  shaft.  This 
disc  forms  a  permanently  closed  end  to  the  commutator  cylinder  at 
the  side  nearest  the  armature.  The  brass  bearing  of  the  shaft  is  ex- 
tended nearly  up  to  the  disc,  leaving  room  for  a  slight  end  play  (the 
shaft  of  course  only  bearing  in  the  usual  portion  of  the  brass),  and 
means  are  provided  to  prevent  the  oil  from  the  bearing  working  along 
the  extended  portion  of  the  brass  and  entering  the  commutator.  The 
open  end  of  the  commutator  cylinder  is  closed  by  a  disc  sliding  on  the 
extended  brass  bearing  and  carrying  the  brush  holders  and  brushes ; 
and  a  clamping  handle  provides  for  setting  the  disc  and  brushes  in 
their  proper  position.  This  disc,  as  stated,  closes  the  end  of  the 
hollow  cylinder,  the  latter  revolving  with  a  clearance  of  ^^  in.  from 
the  disc;  and  in  order  to  avoid  the  chance  of  the  disc  with  its 
brushes  being  withdrawn  while  the  machine  is  running,  or  started 
before  properly  closed,  a  locking  ring  is  provided.  Small  windows 
are  fitted  in  the  disc,  so  that  any  sparking  at  the  brushes  can  be  seen 
and  corrected;  and  the  brushholders  are  furnished  with  springs 
working  on  the  outside  of  the  disc,  for  adjusting  their  pressure  while 
numing. 

When  it  is  necessary  to  clean  the  interior  of  the  commutator  and 
brushes,  the  locking  ring  is  unscrewed,  and  the  disc  (with  brushes 
attached)  is  slid  towards  the  bearing  as  far  as  possible,  thus  leaving 
both  commutator  and  brushes  clear  for  cleaning  and  inspection  ;  means 
are  provided  for  attaching  a  small  slide  rest,  so  that  by  the  use  of  a 
crank  handle  bolted  to  the  pulley,  the  commutator  can  be  turned  up 
in  position,  should  this  be  required. 

Carbon  brushes  of  a  special  type,  admitting  of  very  easy  renewal, 
are  used,  thus  obviating  any  trouole  that  might  occur  from  accumula* 
tion  of  copper  dust  within  the  commutator  with  the  ordinary  copper 
brushes. 

Compre99ed  Air, — Compressed  air  is  almost  exclusively  used  in  pre- 
ference to  steam  as  the  direct  motive  power  of  drills.  While  the 
direct  application  of  steam  as  the  power  to  drive  drills  is  far  more 
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economical,  there  are  many  serious  objections  to  its  use  nndergronnd, 
the  chief  of  which  is  the  exoessive  heat  which  its  use  causes  when 
employed  in  confined  or  close  places.  In  addition  to  this  objection, 
there  is  a  great  loss  of  pressure  in  transferring  the  steam  to  the  point 
of  application,  because  of  condensation  in  the  pipes  ea  route  to  this 
point.  Hardly  more  than  40  per  cent,  of  the  power  consumed  in 
compressing  the  air  to  the  required  degree  (usually  60  to  70  lb.  per 
sq.  in.)  is  utilised  by  the  drill.  This  loss  of  power  arises  chiefly  from 
the  fact  that  none  of  the  power  expended  in  the  compression  of  the 
air  can  be  utilised,  inasmuch  as  tne  air  when  applied  to  the  drills 
does  not  act  expansively.  Power  is  thus  wasted  in  the  oompression 
of  the  air  by  the  transformation  of  this  power  into  heat,  which  is 
subsequently  lost  by  conduction  and  by  radiation.  Heat  generated  in 
the  compression  of  air,  not  only  results  in  loss  of  power  directly,  but 
is  a  further  disadvantage,  for  the  reason  that  the  air  during  compres- 
sion in  the  cylinder  is  cooled  in  the  various  compressors  u^d,  by  the 
introduction  of  a  spray  of  water  into  the  cylinder,  or  by  means  of  a 
flowing  stream  of  cool  water  enveloping  the  cylinder.  The  loss 
throng  heat  arises  from  the  cooling  contraction  of  the  air,  and  the 
consequent  decrease  of  the  tension  of  the  air  as  it  passes  from  the 
compressor  to  the  air  reservoir.  The  heated  air  likewise,  because  of 
its  increased  tension  due  to  the  heat,  reacts  upon  the  piston  causing 
a  resistance,  and  consequently  far  less  of  the  power  is  applied  to  the 
piston.  The  friction  of  the  compressed  air  passing  through  the 
valves  also  causes  a  loss  of  power.  These,  with  the  other  causes  be- 
fore adduced,  will  account  for  the  small  amount  of  power  utilised  by 
the  application  of  compressed  air  to  the  drills.  In  short  the  power 
expended  by  the  piston  during  the  first  part  of  its  stroke  is  wa^^ted  in 
the  compression  of  air,  since,  as  above  stated,  the  air  cannot  be  applied 
expansively  to  the  drills.  This  loss  is  unavoidable.  The  latter  part 
of  the  stroke  however,  is  utilised  in  driving  the  compressed  air  into  a 
reservoir,  under  the  pressure  from  which  reservoir  or  receiver  it  is 
distributed  to  the  drills.  The  lowest  pressure  in  the  tran8missi<m  of 
the  air  from  the  receiver  to  the  drills  should  not  exceed  1  to  3  lb.  per 
sq.  in.  for  a  distance  of  1000  to  2000  ft.,  where  pipes  of  sufficient  dia- 
meter are  used.  Where  pipes  are  too  small,  the  loss  due  to  friction 
may  be  very  considerable.  The  proper  diameter  of  the  pipes  will 
depend  upon  the  number  of  drills  used  and  the  distance  of  the  drills 
from  the  receiver. 

In  addition  to  its  use  as  a  power  to  drive  the  drills,  the  air  per- 
forms a  valuable  service  after  it  accomplishes  the  above  work,  when 
it  is  discliarged  in  the  drifts,  or  stopes,  or  wherever  it  may  be  used, 
as  exhaust  air.  In  confined  places,  as  at  the  face  of  a  drift  for  ex- 
ample, this  feature  of  the  use  of  compressed  air  is  often  of  great 
importance,  though  the  use  of  compressed  air  for  purposes  of  general 
ventilation  of  mines  is  inadmissible  from  an  economical  point  of 
view. 

The  most  perfect  modem  forms  of  air-compressor  are  made  by  the 
Ingersoll-Sergeant  Co.,  and  the  following  particulars  of  the  pattern 
known  as  '*  class  A  '*  cannot  fail  to  be  interesting.    The  machine  is 
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complete  in  itself,  both  stoam  and  air  cylinders  being  sitnated  on  one 
solid  bed.  All  strains  are  direct.  The  chieif  features  are  indicated  in 
the  annexed  table : — 


1 

StauB 

CyUadar. 

DUm. 

Air 

Cylinder. 

Stroke. 

Iter,  per 
Minate. 

Free  Air 
ll£me. 

No.of3-ln. 
Drlilsruu. 

Weight 
complete. 

Actual 
BoUer 
li.p. 

Cost. 

in. 

In. 

in. 

cab.  ft. 

lb. 

£ 

10 

10^ 

12 

160 

183 

2 

5,500 

30 

250 

12 

12: 

14 

155 

295 

3 

7,400 

40 

313 

14 

14: 

18 

120 

398 

5 

10,800 

55 

417 

16 

1^: 

18 

120 

518 

7 

12,000 

70 

521 

18 

18 

24 

94 

683 

10 

20,050 

100 

636 

20 

20} 

24 

94 

840 

12 

21,400 

130 

709 

22 

22} 

30 

75 

1011 

16 

29,000 

155 

917 

24 

24} 

80 

75 

1202 

20 

34,500 

200 

1042 
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DRILLING. 

A  MOD  deal  of  oonfosion  arises  from  the  applioation  of  a  single  word 
to  ODQTej  two  distinct  meanings.  The  term  "  drill "  is  used  to  indi- 
cate an  instrument  which  removes  a  solid  core  of  the  strata  through 
wkieh  it  passes — this  is  the  diamond  drill  already  alluded  to  under 
Sroi^iectiiig  (see  p.  3) ;  and  to  the  common  tool,  simply  a  steel  chisel, 
Igf  vhich  holes  are  made  for  the  insertion  of  an  explosive— which 
^  ~*  under  notice  in  this  section. 

]>QBpite  modem  progress  in  all  kinds  of  machinery,  a  very  large 
'on  of  the  drilling  done  at  this  day  is  still  performed  by  Hand 
Sometimes  the  drill  is  worked  single-handed,  the  workman 
^^W»»*g  and  rotating  the  drill  with  one  hand  and  wielding  the  hammer 
iatta  other,  and  sometimes  the  work  is  shared  by  two  men  or  even 
tlttee.  In  small  undertakings  hand  drilling  is  always  the  cheapest 
nAbeet. 

In  soft  ground,  or  indeed,  in  tolerably  stiff  ground,  drilling  can  be 
done  cheaper  or  fully  as  cheap  by  hand  as  by  power  drills.  This  is 
tme  even  where  the  power  for  the  drills  costs  but  little.  But  where 
the  ground  is  very  hard,  drilling  with  power  drills  is  more  economical 
than  by  hand.  The  comparative  cost  of  this  system  of  drilling  depends 
upon  the  hardness  of  the  ground,  and  also  upon  the  cost  of  tiie  power 
for  the  air  drills.  The  cost  of  power  is  of  course  exceedingly  variable. 
Where  steam  is  used  for  the  power  to  compress  air,  the  expense  of  the 
engineer  must  be  added  to  the  cost  of  runniDg  the  air  drill.  Where 
the  time  of  the  engineer  is  to  be  charged  entirely  to  this  account,  the 
cost  of  drilling  will  evidently  be  greater  than  when  this  item  is 
apportioned  among  several  charges,  as  hoist,  pumping,  &c.,  as  well  as 
where  many  power  drills  are  utsed  at  the  mine. 

The  same  relation  exists  where  water  is  used  for  power,  some 
adaM  having  free  water,  while  others  pay  for  all  they  use. 

Tlie  drills  generally  used  in  California  are  3  to  3^  in.  diam.  of 
cgriinder,  and  require  about  10  to  12  h.p.  per  drill.  Where  speed  is 
Sft  •Iject,  air  dmls  are  used  to  advantage,  doing  the  same  work  as 
kwi  drills  ill  about  two-thirds  the  time  in  soft  ground,  to  one-fifth 
Ife^ftiBie  in  hard  ground. 

•Qbt  drifting  main  tunnels,  from  which  a  large  output  of  ore  is  to 

e,  two  drills  are  employed  in  the  face  of  the  tunnel.    This 

expedites  the  progress  of  the  tunnel,  with  not  a  greatly 

d  cost  per  ft.  of  tunnel  run.     The  consumption  of  powder 

to  drifts  run  is  greater  when  air  drills  are  used  than  by  hand 

From  two  to  four  times  the  quantity  of  powder  is  used 

ine  drills  as  when  hand  drilling  is  employed,  for  the  same 

of  drift  run. 
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Air  drills  are  often  used  to  advantage  in  stoping.  Where  the 
vein  is  wide  and  the  ground  is  hard,  that  method  is  preferable  to  hand 
drilling,  but  it  cannot  be  used  to  advantage  in  small  or  flat  veins. 

Some  mines  employ  as  many  as  6  to  10  drills  in  the  stope.  In 
the  Idaho  mine,  Grass  Valley,  California,  nearly  the  entire  stoping  is 
done  by  machine  drills.  Two  men  are  required  to  run  a  drill.  Self- 
feeding  drills  have,  as  yet,  been  introduced  into  but  few  localities. 

The  progress  of  drifting  with  drills  varies  with  the  hardness  of  the 
ground,  &c.  With  a  single  drill,  100  to  150  ft.  per  month  in  bard 
ground  is  good  speed.  The  cost  per  ft  in  California  varies  from  14f. 
to  609.  in  £rifts  about  4  ft  wide  by  7  ft  high,  exclusive  of  timbering 
and  track.  This  is  reckoned  on  the  basis  that  two  Si^in.  drills  con- 
sume daily  3  cords  of  firewood,  which  costs  7«.  to  29^.  a  cord,  but 
generally  about  149.  to  18<. 

It  is  almost  unnecessary  to  remark,  especially  when  one  remembers 
the  very  confined  spaces  where  it  is  so  often  desirable  to  run  rock 
drills,  that  the  length  should  be  reduced  to  a  minimum,  for  in  narrow 
workings  it  is  impossible  with  a  long  drill  to  place  the  holes  as  a 
skilled  miner  would  do  in  hand  labour.  When  this  vital  point  (as 
regards  economy  in  explosives)  is  kept  in  view,  holes  can  be  as  advan- 
tageously placed  as  in  hand  boring,  whereby  the  same  economy  in 
explosives  is  obtained,  with  the  highest  advance  of  machine  drilling. 

The  advantage  of  a  short  drill  is  by  no  means  confined  to  stoping, 
for  it  is  quite  as  marked  in  the  main  headings,  as  no  hard-and-fast 
system  of  holes  need  any  longer  be  followed,  for,  as  in  hand  boring, 
all  holes  can  be  so  placed  as  to  take  full  advantage  of  all  joints  and 
cleavages,  whereby  greater  progress  is  made  and  a  large  saving  in 
explosives  is  effected. 

In  gneiss  and  homogeneous  rocks,  free  from  faults,  the  ordinary 
chisel-shaped  bit  is  to  be  preferred,  as,  in  such  rocks,  it  cuts  faster 
than  any  other,  and  smiths  can  more  readily  sharpen  it.  In  schistose 
rocks,  wherein  layers  of  uneven  hardness,  with  numerous  fissures,  are 
encountered,  the  chisel  bit  does  not  answer  so  satisfactorilv,  as  the 
drill  seeks  the  softer  material,  gets  out  of  line,  sticks  fast  in  the  holes, 
and  much  time  is  lost  in  extricating  it,  and  unnecessary  jar  and  strain 
are  thrown  on  the  machine.  In  such  ground,  to  obtain  the  beet 
results  from  machine  drilling,  the  chisel  bit  should  be  replaced  by 
the  cross,  of  which  there  are  two  varieties,  the  +  and  x  •  For  the 
softer  rocks,  the  cutting  edge  can  with  advantage  be  made  Z  shaped. 

The  quality  of  steel  used  in  the  tool  bits  requires  careful  selection, 
as  will  be  readily  conceded  when  it  is  mentioned  that  at  4  atoios. 
effective  pressure  a  3-in.  diam.  cylinder  drill  will  deliver  700^00 
blows,  each  of  175  foot-pounds  per  minute,  and  the  best  brands  of  tool 
steel  are  required  to  stand  this  severe  strain  in  hard  rock. 

The  drill  bits,  according  to  the  size  of  hole  to  be  bored,  should  be 
made  from  1^  in.,  1^  in.,  1^  in.,  and  1  in.  octagonal  or  round  steel, 
and  care  must  be  taken  in  changing,  and  that  the  bit  to  follow  fits 
easily  and  revolves  freely  in  the  hole.  The  borers  should  be  sharpened 
in  successively  diminishing  diameters,  and  a  difference  of  ^  in.  in  each 
successive  tool  will  genendly  be  found  sufficient. 

It  is  well  to  get  a  supply  of  the  necessary  drill  steel  for  use  in 
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mftdunes,  <mt  to  length,  with  the  ahanks  truly  turned,  and  the  bits 
sharpened  ready  for  immediate  use. 

If  the  shanks  are  not  truly  turned  in  a  lathe,  but  only  swaged,  it 
ifl  all  important  to  see  that  when  fitted  in  the  machine  the  tool  forms 
a  inkQ  central  extension  of  the  piston  rod,  for  if  there  be  any  eccentric 
motion  in  the  cutting  edge  of  the  tool  when  revolving — ^to  which  too 
little  attention  is  o&n  paid — ^the  power  of  the  drill  will  be  wasted 
in  friction,  by  the  grinding  of  the  bit  in  the  hole,  involving  serious 
waste  of  time  and  power. 

It  is  frequently  quite  as  difficult  to  drill  a  straight  hole  as  a  round 
one.  The  shape  of  the  bit  has  something  to  do  with  the  alignment 
of  the  hole.  It  is  an  invariable  rule  that  the  edge  of  the  bit  should 
never  be  tapered  in  rock  of  uneven  or  irregular  construction.  The 
marble  bit  is  of  no  use  except  in  a  material  like  marble  which  is 
Qiiifbrm.  It  is  obvious  that  with  a  tapered  bit  passing  through  a 
flint  seam  or  other  irregularity  in  rock  the  tendency  would  be  to 
glance,  and  this  would  result  in  "  running  "  of  the  hole. 

Where  drill  holes  tend  to  run  out  of  Ime  the  bit  should  invariably 
have  a  straight  edge,  that  is,  at  right  angles  to  the  axis  of  the  drill 
steeL  It  makes  no  difference  whether  the  bit  is  a  +  or  an  X  bit, 
fio  £ar  as  the  alignment  of  the  hole  is  ooncemed.  In  some  difficult 
places  where  the  hole  passes  through  soft  spots  or  seams  running 
diagonally  across  the  hole  it  is  advisable  to  upset  the  steel  for  a  dis- 
tance of  about  6  in.  above  the  bit  In  other  words,  the  steel  should 
be  very  nearly  the  full  diameter  of  the  bit  for  a  distance  of  about  6  in. 
at  the  bottom.  The  purpose  of  this  is,  that  the  steel  may  be  caught 
by  the  wall  of  the  hole,  thus  preventing  "  running  "  untU  the  pocket 
or  seam  has  been  pamed.  This  is  readily  understood  when  it  is 
known  that  the  steel  used  with  percussive  drills  is  usually  about 
1  in.  diam.  octagon  with  a  bit  of  about  2^  in.  diam.,  thus  there  is  a 

re  of  about  \  in.  between  the  steel  and  the  drill  hole,  and  should 
condition  of  the  bottom  of  the  hole  be  such  as  to  tend  to  thrust 
the  bit  to  one  side,  it  vnll  gradually  work  the  steel  up  against  the 
Bide  of  the  hole,  and  will  result  in  a  crooked  hole,  which  will  give 
trouble  through  binding  and  sticking.  If  the  bar  of  steel  were  nearly 
equal  in  diameter  to  uiat  of  the  bit,  it  would,  as  it  were,  force  the 
hole  to  mn  straight.  It  will  not  do,  of  course,  to  carry  so  much 
weif ht  of  steel,  hence  where  trouble  is  met  it  is  best  to  upset  the 
steel  at  the  bottom. 

In  the  ordinary  course  of  drilling  the  runner  sometimes  finds  that 
his  hole  is  going  crooked,  and  without  waiting  to  get  a  special  piece 
of  steel  he  attempts  to  pass  through  the  obstruction.  The  first  thing 
to  do  is  to  reduce  the  speed  of  cutting.  This  is  done  by  either 
throttling  the  steam  or  shortening  the  stroke  of  the  drill  by  dulling 
the  bit,  but  whatever  is  done  it  is  necessary  to  **  go  slow  "  with  the 
•iriUing.  An  eflSdctive  means  by  which  to  prevent  *'  innning "  is  to 
poll  out  the  steel  and  throw  some  iron  filings,  or  small  pieces  of  iron 
ia  any  shape,  into  the  hole;  then  put  in  the  steel  and  go  ahead. 
This  not  only  reduces  the  speed  of  cutting,  but  the  pieces  of  iron 
are  thrust  into  the  softer  places,  and  thus  the  bit  cuts  through  the 
obstruction,  and  keeps  the  hole  in  line. 

D  2 

Digitized  by  VjOOQIC 


36  ECONOMIC  MINING. 

Let  us  assume  that  a  cobble-stone  of  the  size  of  an  egg  or  larger 
is  discovered  by  the  bit  in  the  line  of  the  hole,  but  a  little  to  one  side 
of  the  centre.  Obviously  as  the  flange  of  the  bit  strikes  this  obstruc- 
tion it  will  be  thrown  off  at  a  tangent  and  will  gradually  eat  away 
the  side  of  the  hole  farthest  from  the  cobble.  It  is  now  simply 
necessary  to  drill  a  few  inches  more  of  hole  without  losing  the  line, 
and  a  few  pieces  of  iron,  or  even  a  nut  thrown  in  the  hole,  will  retard 
the  "  running  "  until  the  bit  cuts  through  the  obstruction. 

Perhaps  the  most  diflBcult  place  to  put  in  a  line  of  straight  holes 
is  through  a  mass  of  old  masonry  or  concrete.  It  is  sometimes 
necessary  to  drill  holes  in  masoDry  for  the  purpose  of  inserting 
foundation  bolts.  The  largest  drill  at  hand  should  be  used,  no  matter 
what  the  depth  of  hole  is,  because  a  large  drill  gives  less  trouble 
by  sticking,  and  its  force  of  blow  may  be  regidated  by  the  throttle. 
It  is  also  adviiiiable  to  use  steel  of  large  diameter — nearly  as  large  as 
the  diameter  of  the  bit.  The  legs  of  the  drill  should  be  firmly  set, 
and  the  runner  should  watch  the  hole,  carefully  following  the 
instructions  given  each  time  that  there  is  a  tendency  to  get  out  of 
line. 

Should  the  hole  get  the  best  of  him  in  this  respect,  and  the  steel 
bind  so  as  to  stick  badly,  he  had,  perhaps,  better  abandon  the  hole 
and  start  a  new  one,  for  a  great  deal  of  time  is  lost  in  expensive 
efforts  to  straighten  a  hole. 

A  drill  hole  will  sometimes  "  run  "  in  a  most  unexpected  manner, 
and  in  rock  of  uniform  texture.  In  a  case  of  this  kind  the  runner 
should  at  once  stop  his  machine  and  see  if  his  bit  is  in  good  shape. 
Sometimes  one  of  the  flanges  breaks  off  and  serves  the  same  purpose 
in  throwing  the  steel  out  of  line  as  though  a  **  hard  head  "  was  en- 
countered. If  the  broken  piece  is  large  it  will  sometimes  get  in  one 
oomer  of  the  hole  and  give  considerable  trouble,  even  after  the  bit 
has  been  repaired. 

It  is  of  much  importance  that  the  hole  be  well  started,  that  is,  it 
should  be  started  straight.  In  dimension  stone  quarries,  the  mouth 
of  the  hole  should  be  preserved  at  about  the  diameter  of  the  hole,  and 
not  cratered  or  broken.  This  can  be  done  by  starting  with  a  light 
blow  and  a  short  stroke,  lengthening  the  stroke  and  the  force  of  blow 
after  the  hole  has  been  made  a  little  deeper  than  the  length  of  the 
stroke. 

The  well-known  firm  of  Siemens  Brothers  &  Co.,  Westminster, 
have  introduced  two  new  forms  of  drill,  one  being  an  improvement 
on  percussive  drills  and  the  other  a  substitute  for  them.  Percussive 
drills  require  when  working  to  perform  three  different  motions:— 
(a)  The  drill  must  receive  a  percussive  or  hammering  motion  in  the 
direction  of  its  axis;  (6)  it  must  at  the  same  time  revolve  slowly 
round  such  axis ;  (c)  it  must  be  propelled  forward  at  a  speed  relative 
to  its  effective  work.  Siemens*s  drill  accomplishes  the  three  motions 
simultaneously  by  means  of  a  single  electro-motor,  and  very  simple 
mechanism. 

The  other  Siemens  drill  is  intended  to  prevent  the  rapid  wearing 
away  of  boring  tools  when  boring  in  hard  stone  and  other  similar 
material,  and  consists  essentially  in  substituting  for  the  ooncnssive 
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motion  of  peroussion  tools,  or  the  abrading  action  of  rotating  tools,  the 
omshing  action  of  hard  metal  balls,  which  are  caused,  while  subject 
to  preBsnre,  to  roll  over  the  surface  of  the  material  to  be  operated 
upon.  This  rolling  action  of  the  balls  is  produced  by  forming  on  the 
lower  end  of  the  boring  rod,  which  constitutes  the  abutment  of  the 
baUs,  an  annular  groove  of  nearly  semicircular  section,  so  that  on 
the  rotation  of  the  boring  rod  round  its  axis,  while  subject  to  end 
pressure,  the  balls  will  roll  freely  both  in  the  groove  of  the  rod  and 
on  the  surfaces  of  the  stone,  and  thus  in  exerting  a  crushing  action 
■uoceasively  upon  comparatively  small  portions  of  the  surface,  they 
will  grind  the  material  to  powder.  From  the  above  described 
arrangement  it  follows  that  the  wear,  if  any,  of  the  abutment  will 
take  place  uniformly  all  round  in  the  annular  groove,  rcBulting  merely 
in  the  deepening  of  the  latter  and  thus  preventing  any  defective  action 
being  produced  by  such  wear.  The  arrangement  of  the  balls  and 
boring  rod  may  be  variously  modified. 

The  Jeffrey  power  drills  have  an  excellent  reputation  in  America 
and  are  now  being  introduced  into  Great  Britain  by  John  Davis  <fe 
Son,  Derby. 

The  drilling  machinery  made  by  the  Ingersoll-Sergeant  Drill  Co. 
is  known  all  over  the  world,  and  has  an  excellent  reputation  every- 
where. 

Before  the  introduction  of  the  Sergeant  drill  the  Ingersoll  was  the 
only  rock  drill  in  the  market  with  a  variable  piston  stroke.  The 
variable  stroke  is  of  the  utmost  importauoe  in  a  rock  drill.  In  start- 
ing a  hole  in  hard  rook,  the  stroke  is  shortened  by  simply  turning 
the  crank,  thus  feeding  down  the  bit  close  to  the  rock.  A  hole  can 
be  started  with  a  short  stroke  in  one-half  the  time  as  with  a  full 
stroke.  Another  advantage  of  the  variable  stroke  is  that  it  enables 
the  drill  to  work  loose  in  seamy  or  broken  holes,  and  to  loosen  the 
mud  in  muddy  holes. 

The  Ingersoll  drill  has  but  two  quick  moving  parts,  the  piston 
and  the  valve.  No  part  other  than  l3ie  piston  is  subject  to  violent 
shocks. 

The  Ingersoll  drill  strikes  an  unoushioned  blow.  The  valve  does 
out  move  until  the  blow  is  struck,  thus  the  full  force  of  the  blow  is 
delivered  on  the  rock.  It  does  not  usq  steam  or  air  expansively,  but 
at  full  pressure  in  the  blow  and  the  recovery — an  important  factor, 
distinguishing  a  rock  drill  from  other  steam  engines.  It  has  elastic 
buffers  in  the  front  and  back  heads  of  the  cylinder,  their  purpose 
being  to  prevent  breakage  should  the  runner  neglect  to  feed  his 
machine,  or  should  the  piston,  through  any  cause  whatever,  strike 
the  front  head.  It  is  claimed  to  be  the  lij^htest  rock  drill  made  in 
proportion  to  its  force  of  blow.  It  is  easily  handled,  and  is  equally 
effective  in  both  wet  and  dry  holes.  Owing  to  its  simplicity  of  con- 
struction and  the  independence  of  its  piston  from  any  connection  with 
moving  parts,  it  has  proved  itself  to  be  extremely  economical  in 
repairs.  Many  Ingersoll  drills  made  15  and  even  18  years  ago  are 
nmsing  to-day  in  good  condition. 

The  Sergeant  auxiliary  valve  drill  is,  strictly  speaking,  a  drill  for 
hard  rock.     The  design  and  purpose  of  the  inventor  was  to  strike  a 
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hard  blow,  and  to  so  build  the  maohine  that  it  would  Btand  hard 
usage  for  years.  The  experience  of  the  last  four  years  has  oonclusively 
proved  that  not  only  is  the  Sergeant  drill  remarkably  efficient  in 
cutting  capacity,  but  that  it  does  its  work  after  years  of  use  equally 
as  well  as  when  new. 

The  Sergeant  is  the  only  rook  drill  in  the  world  which  combines 
the  independent  valve  operated  through  an  auxiliary  valve,  and  which 
contains  a  release  rotation.  These  two  features  are^he  most  important 
as  distinguishing  the  Sergeant  from  other  rock  drills. 

The  Sergeant,  like  the  IngersoU,  strikes  an  uncushioned  blow. 
The  valve  is  held  in  such  a  position  that  while  the  piston  carrying 
the  cutting  tool  is  moved  toward  the  rock  the  exhaust  remains  open 
on  one  end,  while  the  full  pressure  acts  on  the  other  end  until  ^e 
blow  is  struck,  at  which  time  the  valve  immediately  reverses.  It 
must  hit  the  rock,  and  does  it  before  the  steam  or  air  enters  the  front 
end.  It  does  not  use  st^am  or  air  expansively,  but  has  the  benefit  of 
full  pressure  to  strike  the  blow  and  to  recover  from  broken  or  crooked 
holes. 

The  Sergeant  has  an  auxiliary  valve  operated  by  shoulders  upon 
the  piston.  The  auxiliary  valve  and  its  valve  seat  are  entirely  inde- 
pendent of  the  main  valve  and  seat.  The  auxiliary  is  the  trigger  to 
the  main  valve.  It  opens  or  closes  the  steam  or  air  passages  releasing 
the  pressure  from  one  end  or  the  other  of  the  main  valve.  The 
pressure  bears  it  upon  its  seat ;  hence  its  wear  is  uniform  and  cannot 
produce  leakage.  The  auxiliary  valve  being  light,  of  steel,  and 
moving  on  the  arc  of  a  circle  through  contact  with  the  piston 
operating  tangentially,  it  is  easily  moved,  does  not  wear  rapidly,  and 
never  breaks.    It  is  inexpensive  and  readily  duplicated. 

Using  a  round  piston  made  of  steel  and  hardened,  fitting  plug-like 
in  the  ends,  a  large  opening  is  efifected  by  a  slight  movement  of  tbe 
valve.    Being  perfectly  balanced,  there  is  little  or  no  wear. 

A  short  or  long  stroke  can  be  obtained  at  will  by  turning  the 
crank  and  feeding  the  cylinder  toward  the  rock.  This  is  a  most  im> 
portant  feature.  A  short  stroke  is  of  great  advantage  in  starting  or 
olocking  out  holes. 

A  new  rotating  device,  with  a  release  movement,  prevents  twisting 
of  the  spiral  bar  or  breaking  of  pawls  and  ratchets.  When  a  rock 
drill  strikes  a  hard  blow  upon  an  uneven  surface  there  is  a  tendency 
sometimes  to  twist  the  steel  in  the  opposite  direction  to  that  in  whidli 
it  rotates.  The  effect  of  such  a  blow  on  Uie  Sergeant  drill  is  simply 
to  turn  the  back  head  around,  overcoming  the  friction  of  the  back 
head  springs,  when  with  a  rigid  rotation  it  might  twist  the  rifle  bar 
or  break  the  pawls  and  ratchets. 

Two  strong  steel  springs  are  used  in  place  of  buffers.  These 
springs  are  placed  on  the  back  head  and  are  connected  with  the  front 
head  through  the  side  bolts ;  hence  a  blow  upon  either  the  front  or 
the  back  head  is  cushioned  by  the  springs,  thus  preventing  break- 
ages. 

The  volume  and  pressure  of  steam  or  air  used  is  reduced  to  a 
minimum  in  proportion  to  the  work  performed. 

Its  construction  is  such  that  it  can  be  taken  apart  and  put  togetiier 
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in  m  few  minutes,  the  parts  being  few  and  simple.  It  is  not  liable  to 
get  out  of  order*    It  is  easily  handled  and  understood  by  the  runner. 

The  mountings  are  all  new,  durable,  and  especially  arranged  fer 
oonvenienoe  of  handling. 

The  legs  of  the  tri]^  are  adjustable  to  any  angle,  being  operated 
<m  what  is  equivalent  to  a  ball  joint. 

PBtoB^Lar  or  Ivoebsoll-Sbboeant  Book  Dbuxs. 
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Pnos  of  drill  only       ..     ..      £ 
Prke   of    tripod   complete,) 

with  weights / 


Letter  Indicating  Sin. 


2 

124 
40 

500 

250 

12 


2* 

85  10 

6    5 


2| 

222 
165 

325 

500 

24 

70 

10 

4 
52    5 
10  10 


8 

236 
165 

325 

550 

24 

70 

14 

4 
57  10 
10  10 


8* 

246 
208 

325 

650 

24 

75 

14 


P. 


8J 
7 
310 

249 

300 

750 

24 

75 


62  10  67    0 
10  10   11  10 


8 
620 

260 

250 

1000 

30 

70 

80 

8 
76    0 
18  11 


u. 


5 

8 

693 

260 

250 
1500 

so 

70 

50 

8 
86  10 
13  11 


The  **  C^timns  "  rook  drill  made  by  B.  Sehram  k  Go.,  London,  and 
ninstrated  in  Fig.  5,  works  on  the  compound  principle.  The  lower 
end  of  the  cylin^r  is  bored  ont  to  a  larger  diameter  than  the  upper 
end,  and,  during  the  forward  stroke  of  the  piston,  the  air  is  exhausted 
&inn  the  lower  end  of  the  cylinder,  and  the  air  at  full  pressure  is 
Biinultaneouslj  admitted  to  the  upper  end  of  the  cylinder,  thus  giving 
a  most  powerful  and  rapid  stroke.  The  air  that  has  been  used  to 
make  the  forward  stroke,  instead  of  being  exhausted  to  the  atmo- 
sphere, is  now  taken  through  the  valve  to  the  under  side  of  the  lower 
piston  and  utilised  for  the  backward  stroke ;  the  result  of  this  in  com- 
bination with  the  other  improvements  in  the  construction  of  this 
drill  is  that  the  consumption  of  compressed  air  is  40  per  cent  less 
than  that  of  any  other  drill  of  the  same  size ;  and  in  addition  to  this 
enormous  economy,  the  following  further  advantages  are  claimed  by 
the  adoption  of  the  "  Optimus  "  drill : — 

Gonsiderablv  smaller  air  compressors  and  boilers  are  required, 
and  oonsequentiy  reduced  first  cast  of  plant. 

Great  reduction  in  quantity  of  coal  burnt. 

Cost  of  transport  of  plant  materially  lessened. 

Smaller  air-conducting  pipes  and  flexible  hose  required. 
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Where  an  air  oompreeBing  plant  is  already  installed,  a  large 
addition  can  be  made  to  the  number  of  drills  without  increasiiig  the 
plant  and  without  any  extra  power. 


Fio.  5.— Ophmus  Rock  Drill. 

Tapping  Wasies, — In  a  working  approaching  an  old  waste  known 
to  COD  tain  water,  bores  must  of  necessity  be  kept  in  advance,  and  in 
practice  it  has  been  found  that,  with  the  ordinary  method  of  drill  or 
jumper,  the  boring  of  holes  of  over  20  ft  becomes  difficult,  owing  to 
their  ^tting  stopped  up  with  the  dSbris  made  by  the  tool,  and  this 
difficulty  is  increased  when  it  is  necessary  to  have  a  large  barrier  suf- 
ficient to  withstand  the  pressure  of  water  behind,  in  oider  to  protect 
the  workings  to  the  dip  from  being  drowned.  Such  a  difficulty  pre- 
sented itself  at  Alloa  and  Devon  Collieries,  where  there  are  large 
areas  of  waste  with  water,  and  to  tap  these  wastes,  and  leave  a  suf- 
ficiently strong  barrier  of  coal,  a  machine  was  introduced  by  Andrew 
Hunter,  manager  of  Alloa  Colliery. 

The  machine.  Fig.  6,  consists  of  a  cylinder  a,  IJ^  in.  diam.  inside, 
with  packing  glands.  To  a  side  opening  is  attached  a  rubber  pipe  6, 
I  in.  diam.,  fixed  to  pump  chest  c  Two  plunger  pumps  <2, 1  in.  diam. 
with  1  in.  stroke,  are  fixed  to  crank  spindle  6,  and  a  second  rubber 
pipe  leads  to  a  cistern  containing  water  for  suction.  On  the  one  end 
of  the  crank  spindle  is  a  handle  /,  9  in.  long,  with  which  to  turn  the 
machine,  and  to  the  other  end  g  the  rods  are  attached.  The  whole  is 
fixed  on  a  bogie  A,  3  ft.  6  in.  long  by  2  ft.  6  in.  broad  by  4  in.  deep, 
running  on  ordinary  cast-iron  rails,  and  set  at  the  inclination  of  the 
seam.  In  order  to  keep  the  machine  moving  forward  while  the  drill 
is  cutting,  a  chain  ^  in.  diam.  is  fixed  to  a  barrel  with  ratchet  wheel, 
and  passes  round  two  pulleys,  t  k,  6  in.  and  10  in.  respectively,  fixed 
to  prop  ly  and  a  weight  m  is  hung  upon  a  hook  at  the  other  end  of 
chain.  This  hook  is  so  made  that  a  number  of  similar  weights  can 
be  placed  upon  it. 

The  rods,  which  are  hollow,  are  i  in.  diam.  outside,  with  ^  in. 
diam.  hole  inside,  and  in  6  ft.  lengths.  A  box  is  put  on  tbe  crank 
spindle,  into  which  the  first  rod  is  screwed  with  f  in.  diam.  screw. 
The  other  rods  are  screwed  into  each  other,  as  is  done  in  the  ordinary 
method  of  boring.  The  drill  n,  which  is  also  hollow,  is  Ij^  in.  outside 
diam.,  and  of  the  ordinary  description,  as  used  by  miners  for  drilling 
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holes,  except  that  1^  in.  from  the  point  is  the  hole  to  allow  the  water 
to  escape. 

Where  water  enters  from  pumps  at  6,  are  four  small  holes  drilled 
throngh  crank  spindle  into  the  hollow — ^the  hollow  being  continued 
right  out  A  ra)ove  is  also  out,  into  which  a  set  pin  is  screwed  to 
keep  the  cylinoBr  in  its  place. 

In  appi3ring  the  macidne,  the  handle  is  turned,  which  works  the 
cranks,  and  water  is  pumped  into  the  cylinder  a,  and  forced  into  the 
hollow  rods  to  the  drill  point,  and  is  discharged  at  the  circumference 
of  the  rods,  carrying  the  (2^&m  which  has  been  made  with  it.  As  the 
drill  cuts,  the  machine  moves  forward,  and  is  kept  from  going  back 
by  the  ratchet  wheel.  When  6  ft.  has  been  cut,  the  machine  is  un- 
Burewed  from  the  rods,  and  run  back,  and  another  rod  is  fixed.  Care 
most  be  taken  in  cutting  the  rods  not  to  allow  them  to  become  empty 


Fio.  6. — ^Taffino  Wastes. 

of  water,  as,  if  this  is  not  guarded  against,  they  get  filled  with  small 
ooal  and  dSbris^  and  have  to  be  drawn.  To  prevent  this,  a  small  plug 
is  inserted  at  the  part  where  the  rods  are  cut.  Should  the  weight  m 
reach  the  floor  before  the  machine  is  up  distance,  it  is  taken  up  by 
taming  the  ratchet  handle. 

At  Devon  Colliery  there  is  a  large  area  of  waste  in  the  lower  6  ft. 
ooal,  with  a  pressure  of  135  lb.  per  sq.  in.,  and  waste  has  been  tapped 
at  several  places — the  greatest  distance  bored  for  one  hole  l^ing 
168  ft,  50  ft.  of  which  p^sed  through  a  hard  sandstone.  Up  to  20  ft 
or  80,  two  men  can  easily  bore  1  ft.  per  minute,  while  30  yd.  on  an 
average  can  be  bored  in  a  shift  of  8  hours  by  2  men.  At  Alloa  3  holes 
have  been  put  in  at  dififerent  angles,  a  total  distance  of  46  yd.  in  the 
lower  5-ft  coal  in  8  hours  by  4  men,  including  shifting  and  fixing 
the  machine. 
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BzpUmves. — The  exploBiyes  used  in  mining  are  ohiefly  of  two 
classes: — 

(a)  Those  which  explode  instantaneously  Tor  almost  so),  and 
known  as  quick  or  shattering  compounds.  Nitro-glycerine  is  a 
decirive  type  of  this  class. 

(Jb)  The  weaker  compounds,  which  explode  more  slowly,  and  per- 
form their  work  by  trajection.  This  class  is  called  slow  disintegra- 
ting or  rending  compounds.  Black  powder  is  a  promiuent  type  of 
ihiB  class. 

Explosives  of  the  first  class  are  to  a  great  extent  superseding  the 
weaker  kinds.  In  class  (a)  the  initial  pressure  is  the  maximum  one, 
while  in  class  (6)  the  explosion  proceeds  progressively  by  combustion, 
and  its  gases  gradually  accumulate  and  reach  their  maximum  pressure 
just  before  the  resistance  gives  way. 

This  is  an  important  distinction,  and  determines  the  application 
of  one  or  the  other  of  the  classes,  or  the  adoption  of  an  explosive  of 
intermediate  character  in  this  respect. 

The  explosive  principle  in  dynamite  is  primarily  nitro-glyoerine, 

consequently  its  explosive  power  is  dependent  on  the  percentage  of 
_•-» _i ? 1. 

Fety  and  the  convenience  of  portability 
ftn  absorbent  is  used  as  the  carrier  of 
ly  this  absorbent  was  of  an  inert  cha- 
ir, an  infusorial  earth  found  in  Northern 
X)sed  of  small  diatomaceous  shells.  The 
Y  by  capillary  absorption  render  it  one 

the  absorbents  was  to  inoorporate  the 
)e  its  liability  to  explosion  by  accidental 
would  be  exposed  in  handling  it.  This 
ipressibility,  forms,  as  it  were,  a  cushion 
alow  imparted  to  the  cartridge  contain- 
iilt  of  this  physical  character  of  the  ad- 
ycerine,  the  eflfect  of  concussion  of  an 
ad  inoperative  in  its  explosive  tendency, 
>low  by  reason  of  the  compressibility  of 
le  explosion. 

sion,  detonators  are  used,  while  powder 
e  the  dynamite.  When  the  d3rnamite 
black  powder  was  used  as  a  detonator ; 
y  of  its  complete  detonation,  it  is  but 
ig  almost    entirely  replaced  by  com- 
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pounds  oalled  falminates.  Of  these,  the  fulminate  of  mercury  is  now 
the  most  generally  used,  and  is  the  best  detooating  agent.  The  ltd' 
minate  of  mercury  is  generally  mixed  with  a  small  percentage  of 
gun-cotton  and  chlorate  of  potash  (or  other  chemical  substitutes),  in 
order  to  make  it  more  safe  to  handle.  When  wet,  it  is  pressed 
into  copper  capsules,  to  further  decrease  the  danger  of  transportation. 

Many  dynamite  compounds  employ  a  chemical  absorbent  which, 
being  itself  of  an  explosive  character,  enhances  the  efficiency  of  the 
compound. 

These  compounds  are  likewise  so  made  as  to  reduce  the  quantity 
and  deleterious  character  of  the  fumes  which  are  generated  by  the 
explosion  of  the  nitro-glycerine.  These  fumes  are  very  deleterious 
in  confined  or  badly  ventilated  places.  Nitro-glycerine  powders, 
however,  when  fairly  detonated,  produce  innocuous  gases.  The  dele- 
terious gases  above  referred  to  result  from  the  incomplete  detonation 
and  the  slower  combustion  of  the  powder,  frequently  due  to  the  use 
of  detonators  too  weak  to  effect  complete  detonation. 

Dynamite  cartridges  properly  made  may  be  burned  in  an  open 
space  without  exploding,  but  when  burned  in  a  confined  space  are 
liable  to  be  explosive,  because  the  gases  generated  cannot  freely 
escape;  consequently,  the  best  method  for  the  transportation  of 
dynamite  is  not  in  iron  or  other  strong  boxes,  which  prevent  the 
escape  of  the  gases  when  the  powder  is  ignited,  but  packed  in 
sawdust  in  wooden  boxes. 

Carefully  made  cartridges,  dried  internally  sa  well  as  externally, 
can  be  transported  on  very  rough  roads,  and  be  exposed  to  consider- 
able jars  and  shocks  without  danger. 

Leaky  cartridges,  on  the  other  hand,  wet  from  the  percolation  of 
the  nitro-glycerine,  are  very  dangerous,  and  should  be  condemned  as 
unsafe  for  handling.  In  view  of  the  possibilities  of  imperfect  prepara- 
tion of  the  dynamite,  and  the  terrible  effects  attending  its  explosion, 
great  prudence  should  always  be  observed  in  its  use. 

At  any  temperature  below  30*^  F.  (dynamite  freezes  at  40°  F.) 
nitro-glycerine  will  not  explode  from  any  ordinary  cause.  It  is 
more  sensitive  at  high  than  at  low  temperatures.  When  heated  to 
360*^  F.  it  either  bums  or  explodes.  An  increase  of  temperature 
likewise  increases  the  liability  of  the  dynamite  to  leak,  whence 
explosions  may  result. 

Many  accidents  result  from  endeavouring  to  thaw  frozen  dynamite 
cartridges.  The  method  frequently  employed  of  roasting,  toasting, 
or  baking  the  powder  when  frozen  is  almost  suicidal  in  its  character. 
Numerous  accidents  from  these  methods  are  annually  recorded. 

This  practice  of  thawing  is  not  only  attended  with  great  danger, 
but  destroys  to  a  great  degree  the  efficiency  of  the  powder  thus 
treated.  The  original  Eieselguhr  dynamite  was  more  affected  by  low 
temperature  than  the  modern  compounds  using  chemical  absorbents. 
With  strong  detonators,  the  latter  class  of  explosives  will  do  fairly 
good  work  even  when  frozen. 

In  thawing  frozen  cartridges,  they  should  be  put  into  a  vessel 
contained  in  another  vessel  of  water.  The  interior  vessel  holding 
the  cartridges  should  be  made  of  one  sheet  of  iron,  so  as  to  preclude 
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the  poesibilitj  of  the  escape  of  nitro-glycerine  into  the  lower  vessel, 
through  defective  soldering  of  the  joints,  when  the  vessel  is  made  of 
more  them  one  piece. 

The  grade  of  dynamite  with  respect  to  the  nitro-glycerine  it  holds 
is  designated  as  follows : 


No.  1       =  70  I 

per  cent. 

nitro-glyceriue. 

No.  1»     =  60 

» 

)t 

No.  I**  =  50 

»9 

99 

No.  2       =40 

») 

99 

No.  2*     =  35 

99 

99 

No.  2»»  =  30 

99 

99 

No.  3      =20 

9» 

99 

Ammonite  is  a  mixture  of  ammonium  nitrate  and  mono-nitro- 
luiphthalene  in  the  proportion  of  81*5  to  8*5,  according  to  Colonel 
Cimdill,  and  is  appaiently  similar  to  Favier's  explosive.  The 
cartridges  are  enclosed  in  a  thin  casing  of  a  lead  alloy,  closely  resem- 
bling the  tubes  in  which  artists'  pigments  are  sold.  They  are 
hermetically  closed,  and  have  a  small  tubular  projection  at  one  end 
which  makes  the  attachment  of  the  fuse  very  simple.  They  are,  of 
course,  quite  watertight. 

For  experiment,  a  weight  of  59  lb.  was  allowed  to  fall  from  a  height 
of  5  ft  on  to  an  iron  block,  upon  which  the  explosive  under  test  was 
placed.  Tonite,  gelignite,  blasting  gelatine,  dynamite,  stonite,  and 
gun-cotton  all  exploded  at  the  first  shock.  The  sample  of  carbonite 
did  not  explode  until  the  shock  had  been  repeated.  The  gunpowder 
tried  did  not  explode.  The  quantities  used  were  approximately  equal 
in  all  cases. 

An  ammonite  cartridge  was  then  out  in  two,  and  one-half  tried 
with  the  same  weight  and  block,  but  with  a  fall  of  23  ft.  instead  of 
5  ft;  no  explosion  resulted.  When  a  detonator  was  inserted,  and 
the  operation  repeated,  a  violent  explosion  ensued.  Gunpowder  was 
then  again  tried,  also  with  a  fall  of  23  ft.,  instead  of  5  ft.  as  in  the  first 
trial,  and  exploded.  Cartridges  were  then  exhibited  immersed  in  a 
freezing  mixture,  where  they  had  been  for  3  hours — according  to 
Butterfield,  the  company's  chemist,  under  whofe  direction  all  the 
^cperiments  were  carried  out— at  a  temperature  below  anything 
likely  to  occur,  at  any  rate  in  England.  The  cartridges  were  stiU 
quite  plastic,  and  on  one  being  exploded  in  the  usual  manner,  it  was 
seen  that  their  properties  had  not  apparently  been  in  any  way  altered 
hy  this  attempt  at  freezing  them.  Another  of  them  was  then  thrown 
on  to  a  bright  coke  fire,  and  burnt  away  fairly  rapidly  but  quietly, 
giving  off  rather  dense  black  fumes.  Several  cartridges  arranged  in 
a  light  frame  were  fired  at  and  pierced  by  a  bullet  from  a  rifle,  but 
no  explosion  occurred.  One  of  the  pierced  cartridges  was  exploded 
hy  means  of  a  detonator.  A  small  parcel  of  dynamite  cartridges 
exploded  at  the  first  shot  from  the  same  rifle. 

The  next  experiment  consisted  in  exploding  a  1  lb.  canister  of 
gunpowder  in  the  midst  of  a  case  of  ammonite  cartridges.  Is  one  of 
the  ammonite  cartridges  exploded  under  this  treatment,  but  some  of 
the  scattered  fragments  that  were  subsequently  collected  responded 
promptly  to  the  action  of  a  detonator. 
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Ammonite  seems  to  have  many  good  qualities,  particularly  that  of 
safety,  both  in  transport  and  in  handling.  Its  manufacture  is  also 
simple  and  apparently  very  free  from  risk  of  accident.  That  it  can 
compete  successfully  with  dynamite,  or  the  gelatine  explosives,  in 
anything  like  hard  rock  is  not  as  jret  evident,  but  in  soft  ground, 
coal,  &c.,  it  should  be  a  useful  blasting  agent,  providing  it  is  com- 
paratively free  from  liability  to  ignite  the  gaseous  mixtures  occurring 
in  coal  mines,  and  does  not  give  o£f  fumes  either  in  large  volumes  or 
of  a  very  noxious  nature.  To  ensure  successful  explosion,  detonators 
containing  1*25  grm.  of  fulminate  are  required. 

According  to  James  Ash  worth,  the  use  of  high  explosives  in  coal- 
getting  has  resulted  in  their  being  applied  without  any  attention  to 
the  question  of  leverage.  That  is  to  say,  where  a  2-in.  diam.  hole 
has  been  used  for  blasting  powder,  a  2-in.  diam.  hole  has  been  con- 
tinued for  high  explosives.  Hence,  instead  of  occupying,  say,  8  in. 
or  more,  of  the  length  of  the  hole,  the  high  explosive  occupies,  say, 
1  or  2  in.,  and  the  pressure  exerted  is  as  great  or  greater  on  the 
tamping  than  on  the  side  of  the  hole,  where  the  rending  should  take 
place. 

The  worst  disasters  from  blasting  have  always  occurred  with  shots 
which  faced  ventilating  currents  of  high  velocity.  Detonating 
vibration  appears  to  be  created  under  such  conditions,  whereas,  if  the 
force  of  the  shot  goes  with  the  current,  it  is  not  created ;  and  he 
urges  that  no  explosive  is  sufficiently  safe  for  use  in  a  dusty  or  gaseous 
mine,  if  its  detonating  vibration  is  Hke  that  of  a  mixture  of  coal-dust, 
firedamp,  and  air. 

Becent  experiments*  with  a  new  explosive  called  Westphalite  seem 
to  indicate  that  it  is  up  to  the  present  the  safest  of  all  for  blasting 
in  coal  mines,  as  it  has  been  fired  without  tamping  in  mixtures  of 
gas  and  suspended  coal-dust  without  resulting  in  ignition,  explosion, 
or  flame. 

Tainptn^. — The  packing  which  holds  the  blasting   cartridge  in 

Slace  is  called  "  tamping."  The  success  of  a  shot  very  greatly 
epends  on  the  tampine  being  efficiently  performed,  and  to  careless- 
ness in  this  operation  a  large  proportion  of  the  accidents  due  to  blown- 
out  shots  are  traceable.  There  is  therefore  a  double  advantage  in 
having  perfect  tamping,  firstly  that  the  effectiveness  of  the  sbot  is 
utilised  to  a  maximum,  and  secondly  that  the  risk  of  accident  is 
reduced. 

There  has  recently  been  introduced  a  tamping  plug  for  which  it 
is  claimed  that  it  automatically  increases  the  chamber,  both  of  gun- 
powder and  dynamite,  at  the  time  of  explosion,  while  it  greatly  in- 
creases the  safety  by  causing  sufficient  resistance  to  entirely  prevent 
blown-out  shots,  ^his  is  shown  in  Fig.  7.  a  is  an  octagonal  piece 
of  pinewood,  out  of  which  a  wedge  6  has  been  sawn ;  c  is  a  piece  of 
gummed  paper  which  is  stuck  down  over  the  sides  of  the  block  when 
the  wedge  is  in  place. 

Fig.  8  shows  a  section  of  a  blast-hole  with  the  wedge  in  position : 
a  represents  the  charge  of  powder ;  6,  the  tamping  plug ;  c,  a  quantity 
of  loose  tamping  thrown  in  above  it ;  d,  the  fuse.    When  the  diafge 
•  J.  Higson, « Mining  JonmaV  Not.  17, 1894. 
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18  fired,  the  exploeion,  it  is  stated,  drives  the  wedge  upwards  into  the 
body  of  the  block,  jamming  it  tightly  against  the  sides  of  the  hole. 
The  driving  in  of  the  wedge  increases  the  size  of  the  chamber  in 
which  the  powder  is  placed  by  about  a  lineal  inch,  thus  allowing  the 
powder  a  Httle  extra  time  and  space  in  which  to  ignite  before  the 
explosion  takes  place.  The 
result  is  claimed  to  be  that 
8-10  per  cent,  lees  powder 
needs  to  be  used  with  this 
block  to  produce  the  same 
efiect  as  when  ordinary 
tamping  is  employed. 

Henry  Johnson  main- 
tains that  inefficient  blast- 
u^g*  together  with  the  atten- 
dant disastrous  e£fects,  is 
to  be  principally  attributed 
to  the  following  causes: — 
(1)  Incomplete  cleansing, 
and  consequent  amalgama- 
tion of  explosive  and  ooal- 
dnst  or  borings,  left  in  the 
borehole.  (2)  The  use  of 
ooal-dust,-  or  underolay 
mixed  with  coal-dust  and 
fragments  of  coal,  or  under- 
day  mixed  vdth  fragments 
of  hard  olunch  or  rock  for 
stemming.  (3)  Too.  much 
explosive  with  too  little 
tamping.  (4)  Unequal 
strength  of  tamping,  compact  at  bottom  and  loose 
at  top  and  sides,  in  consequence  of  rammer  head 
bong  excessively  smaller  in  area  than  borehole,  and 
by  its  own  weight  always  seeking  the  bottom  of 
the  borehole,  rather  than  the  bottom,  top,  and  sides.  _ 
(6)  Irregularity  of  borehole.  ^^^-  %";;J^^"^^ 

With  the  view  of  overcoming  these  difficulties 
Johnson  has  designed  an  apparatus  consisting  of  an  improved  punch, 
a  cleanser  and  rammer,  and  some  compressed  cartridge  tamping. 

Just  in  the  same  way  that  the  compressed  powder  cartridge  or 
bobbin  has  so  conveniently  and  safely  superseded  loose  powder,  so  it 
is  expected  will  the  machine-made  clay  pellets  supersede  the  rough 
looie  stemming.  In  these  patents  the  fuse  or  battery  vnre  is  kept 
central  throughout,  obviating  abrasion  against  the  VTall  of  the  hole, 
through  the  use  of  the  rammer. 

The  price  of  the  tools  is  not  extravagant. 

EUdrie  Firing. — The  most  striking  advantage  of  this  overall  other 
BjBtems  of  firing  is  that  the  moment  of  firing  can  be  determined,  and 
any  number  of  shots  can  be  fired  simultaneously ;  besides  which  it  is 
the  only  reliable  subaqueous  method. 


FiQ.  7.— TAMPiNa 
Plug. 
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An  eleotric  fuse  is  an  explosive  substance  placed  in  the  oirciiit  of  an 
electric  current,  which  is  passed  in  either  of  two  ways— n^a)  by  "  high 
tension,"  (6)  by  "  low  tension  "  or  "  quantity  "  machines.  The  former 
have  some  advantages,  especially  in  simplicity  of  handling  by  non- 
electricians,  but  with  them  it  is  necessary,  yet  difficult,  to  ensure 
perfect  insulsition.  Quantity  fuses  do  not  demand  complete  insulation. 
The  exploder  may  employ  a  frictional  or  a  magneto-electric  current. 
Frictional  electrical  machines  are  very  effective  when  in  good 
working  order,  but  as  soon  as  they  become  damp  their  power  decreases 
considerably.  In  consequence  of  the  greater  outlay  for  wires  of  high 
insulation,  and  the  care  and  time  expended  in  keeping  the  apparatus 
dry,  frictional  machines  are  not  so  suitable  for  blasting  purposes  as 
ma^eto  or  dynamo-exploders. 

It  is  of  primary  importance  that  an  exploder  should  possess  great 
power.  The  mistake  of  using  weak  machines  has  done  more  than 
anything  else  to  hinder  the  adoption  of  electrical  firing. 

In  cases  where  only  short  lengths  of  conducting  wires  are  em- 
ployed, and  these  frequently  shifted  or  subjected  to  such  rough  usage 
as  would  endanger  the  insulation  of  the  cable,  the  use  of  electricity  of 
small  electromotive  force  is  advisable,  for  this  will  pass  without  loss 
through  a  cable  with  faults  in  the  insulation,  whereas  currents  of 
greater  force  would  readily  escape.  In  such  cases,  therefore,  the 
quantity  exploder  should  be  selected.  On  the  other  hand,  when  the 
conducting  wires  remain  for  the  greater  part  of  their  length  undis- 
turbed, hiffh  tension  electricity  is  preferred,  because  its  greater  power 
of  overcoming  resistance  enables  it  to  fire  a  larger  number  of  fuses 
through  longer  distances.  On  this  account  the  tension  exploder  is 
better  suited  where  the  firing  of  a  large  number  of  fuses  simultaneously 
through  long  circuits  is  required. 

For  blasting,  the  tension  exploder  is  also  usually  preferred,  in 
consequence  of  tension  fuses  being  cheaper  than  platinum  wire  fuses. 
When,  however,  a  system  of  mines  has  to  remain  a  long  time  in* 
operative,  and  yet  in  a  condition  to  be  fired  at  a  moment's  notice, 
daily  electrical  tests  must  be  taken,  and  this  can  only  be  done  when 
platinum  wire  fuses  are  used.  In  such  cases  quantity  exploders  are 
employed. 

In  Siemens  Brothers'  dynamo-electric  mine  exploders,  electro- 
magnets are  substituted  for  the  permanent  magnets  of  the  magneto 
machines,  and  a  Siemens  armature  is  caused  to  revolve  between  the 
poles  of  the  electro-magnets.  The  coils  of  the  latter  are  in  circuit 
with  the  wire  of  the  revolving  armature,  and  during  rotation  the 
residual  magnetism  of  the  soft  iron  electro-mas^iiet  cores  at  first 
excites  weak  currents,  which  pass  into  the  coils  and  increase  the 
magnetism  of  the  core,  thus  inducing  still  stronger  currents  in  the 
armature  wire.  This  accumulation  by  mutual  su3tion  goes  on  until 
the  limit  of  magnetic  saturation  of  the  iron  cores  is  reached. 

The  choice  of  the  most  suitable  leading  wires  and  cables  depends 
upon  the  nature  of  the  blasting  operations  that  have  to  be  undertaken, 
and  the  distance  of  the  exploder  from  the  shot-holes.    As  a  general 
•  rule,  wires  insulated  with  gutta-percha  should  be  employed  for  sub- 
aqueous work,  and  rubber-covered  wires  for  surface  blasting  on  land, 
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and  sabterranean  work.  In  oases  where  there  is  no  likelihood  of 
damage  being  eansed  to  the  wires  leading  from  the  machine,  un- 
armoored  cables  can  be  used,  theee  requiring  two  separate  lengths  of 
wire  from  the  exploder  to  the  shot-holes ;  or  concentric  or  twin  cables 
can  be  adopted.  These  latter  types  have  the  main  and  return  wires 
together  in  one  cable,  so  that  only  one  length  is  needed 
for  connecting  the  machine  with  the  fuses. 

In  electrical  blasting  it  is  of  the  first  importance 
that  each  joint  in  the  fuse  wires,  and  the  joints  be- 
tween the  wire  of  each  end  fuse  and  the  leading  wires 
or  cables  from  the  machine,  should  be  so  well  pro- 
tected as  to  avoid  any  chance  of  earth  contact,  or  short 
circuit.  The  bared  conducting  wires  after  having  been 
craped  clean  are  twisted  together,  and  then  (in  the 
case  of  gutta-percha  wires)  slightly  smeared  with 
Cliatterton  compound  and  coverod  helically  with  a 
narrow  strip  of  thin  gutta-percha  sheet,  which  is 
pressed  by  means  of  the  moistened  fingers  around  the 
twisted  wires  until  they  are  quite  insulated.  As  re- 
gards rubber  wires,  the  insulating  material  should  be 
removed  for  about  1  in.  from  the  end,  and  a  short  piece 
of  rubber  tube  slipped  over  one  of  the  cores ;  the  con- 
ducting wires  are  then  cleaned  and  twisted  together, 
and  the  rubber  tube  is  slipped  over  them  and  tied  at 
eadi  end  tightly  over  the  insulation  of  each  core.  In 
ntuations  where  it  might  be  troublesome  to  cover  the 
temporary  joints  in  gutta-percha  wires  in  the  way  de- 
Bcrihed  above,  the  method  with  rubber  tube  can  be 
employed. 

WaXer  Cartridges, — Experiments  have  demonstrated 
that  the  risks  of  blasting  in  coal  mines  can  be  greatly 
reduced  by  enclosing  the  explosive  in  a  waterproof 
euTclope,  which  renders  impossible  the  escape  of  name 
or  sparks.  Such  implements  have  come  to  be  known 
M  "  water-oartridges,"  but  a  more  accurate  term  would 
1«  **  water-jacketed  cartridges.*' 

The  form, introduced  by  Miles  Settle,  of  the  Madely 
Coal  and  Iron  Ck>mpany,  consists  of  a  simple  arrange- 
ment of  discs  or  supports,  whereby  a  most  essential 
advantage  is  obtained,  namely,  the  fixing  of  the  ex- 
plonve  charge  in  such  a  manner  that  it  retains  a 
central  position,  and  is  therefore  entirely  and  equally  . 
^rrounded  by  water,  whatever  the  angle  of  the  bore-        jacketed 
hole.    Without  this  precaution  security  from  escape  of      CARTBrooi. 
flame  cannot  be  assured. 

The  water-cartridge  bag  is  usually  made  18  in.  long  and  2  in. 
diam.,  and  of  specially  prepared  waterproof  material.  Gelatine 
dynamite  or  gelignite  are  the  explosives  used  in  it.  When  it  is 
necessary  to  use  more  than  one  cartridge  they  should  be  joined  by 
wooden  skewers  and  pressed  closely  together,  to  prevent  water  getting 
l«tween  and  causing  a  missfire.     A  complete  doubly-charged  cart- 
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ridge  is  shown  in  Fig.  9 :  a,  watertight  envelope ;  6,  fuse ;  c,  wire  leading 
to  battery  or  exploder ;  d,  tin  discs  for  keeping  cartridges  central ; 
c,  cartridges ;  /,  wooden  skewer  joining  cartridges. 

Wedges. — Fig.  10  illustrates  a  mnltiple  wedge,  for  bringing  down 
rock  and  coal  without  the  use  of  explosives.  The  cost  is,  No.  1,  1  j  in. 
diam.,  2  ft.  6  in.  long,  2L  10«. ;  No.  2,  2  in.  diam.,  3  ft.  long,  31.  lOt. 
But  there  is  scarcely  any  wedge  able  to  hold  its  own  as  a  means  of 
breaking  down  coal.  The  cause  is  much  the  same  as  that  which  has 
been  the  means  of  limiting  the  use  of  the  lime-cartridge.  The  want 
of  success  is  due  almost  entirely  to  the  fact  that  it  is  difficult  to  get 
combined,  a  face  of  coal  which  will  break  down  easily,  a  roof  which 


Wedi« 


tMtion  «r  Wadgt 


CxpAoded. 


with  third  W«df« 


Fig.  10. — Multiple  Wkdge. 


will  separate  freely,  and  a  coal  which  will  break  off  well,  conditions 
which  are  generally  required,  whether  the  wedge  or  the  lime-cartridge 
is  used,  both  being  slow  means  of  applying  force  to  break  dowD 
coal.  A  wedge  usS  with  great  success  in  Belgium  and  the  North  of 
France  consists  of  two  long  steel  wedge-pieces,  which  are  placed  in 
the  shot-hole,  the  thick  end  inwards,  and  a  third  long  wedge  is 
driven  between  the  two.  The  objection  to  it  is  that,  with  the  lime- 
cartridge  or  any  other  means  of  breaking  down  coal,  simple  ordinary 
explosive/orce  is  applied ;  with  the  wedse,  a  considerable  quantity  of 
**  elbow-grease  "  is  required,  and  a  man  has  to  take  5-10  minutes  in 
striking  the  centre  wedge  in  order  to  get  the  coal  broken  down. 
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SHAFT  AND   WELL  SINKING. 

Thi  dimensions  and  arrangements  of  shafts  must  always  depend 
upon  the  circnmstances  enoountered,  provision  having  to  be  made  for 
the  miners  to  enter  and  leave,  for  raising  the  ore,  for  pumping  ont 
the  water,  and  for  ventilation. 

In  ordinarily  dry  gronnd  no  particular  difficulty  presents  itself, 
bfit  where  wet  ground  has  to  be  sunk  through,  various  problems  arise, 
uid  some  useful  hints  may  be  gathered  from  the  following  examples 
of  shaft-sinking  operations  carried  out  under  adverse  conditions. 

(1)  In  1881,  Fo»ter  Brown  pointed  out  the  great  difficulty  and 
expense  attending  the  sinking  of  shafts  through  water-bearing  strata, 
and  suggested  that  a  boring  might  be  put  down  in  advance  of  the 
siDking,  into  which  a  pump  might  be  placed  to  facilitate  the  opera- 
tion of  sinking.  The  water  being  pumped  down  in  the  borinj?  below 
the  bottom  of  the  shaft,  the  sinking  would  be  done  in  dry  ground, 
and  would  go  on  without  intermisMion.  The  suggestion  appeared  to 
be  very  -valuable.  In  sinking  shafts  and  wells  through  water-bearing 
strata  on  time-honoured  methods  there  is  not  only  the  great  cost,  but, 
what  is  often  more  serious,  the  great  length  of  time  taken  in  doing 
the  work.  A  single  well  for  town  water  supply  often  takes  2  or  3 
years  or  more  to  execute. 

The  problem  is  simply  that  of  keeping  down  the  water  in  water- 
bearing strata  in  advance  of  the  sinking  operations,  so  that  the  exca- 
vation of  the  shaft  or  well  shall  be  done  in  dry  ground. 

The  ordinary  method  of  shaft  or  well  sinking  is  to  sling  a  pump 
or  pumps  in  the  shaft,  and  to  lower  the  pumps  from  time  to  time,  as 
the  sinking  continues.  Obviously  the  excavation  has  to  be  performed 
in  water ;  and  if  the  quantity  of  water  to  be  dealt  with  is  very  great, 
a  large  portion  of  the  work  has  to  be  done  by  the  men  working  in  a 
depth  of  2-3  ft.  of  water.  To  facilitate  the  work,  and  to  reduce 
the  water  in  which  the  men  have  to  work,  a  sump  is  made  under 
the  suction  pipe  of  the  pump,  shown  in  Fig.  11,  and  it  is  the 
keeping  this  sump  excavated  in  advance  of  the  other  work  which  is 
most  difficult  and  tedious.  Then  there  is  the  delay  occasioned  by  the 
lowering  of  the  pumps  and  providing  the  appliances  necessary  to  the 
operation. 

In  the  plan  proposed  by  Henry  Davey,  the  pump  illustrated  in 
Fig.  12  would  be  placed  in  a  borehole  made  before  the  commencement 
of  the  idnking  of  the  shaft.  The  only  novelty  in  the  pump  is  that  of 
adapting  it  to  the  purpose.  It  is  necessary  that  d&m»  shall  not  go 
down  the  borehole  in  quantity  sufficient  to  choke  it  up.  That  is  pro- 
vided against  by  means  of  a  heavy  taper  shield  of  cast  steel  surround- 
ing the  pump,  and  resting  on  the  edge  of  the  borehole.     This  shield 
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is  perforated  with  holes  inclined  upwards  towards  the  pump,  to  allow 
water  to  get  into  the  borehole,  but  to  exclude  debris.  The  shield  is 
made  very  heavy,  and  by  its  own  weight  follows  the  excavation 
around  the  pump,  and  also  protects  it  from  injury  through  the  blast- 


FiGs.  11, 12, 18.— Sinking  Shafts  in  Wet  Ground. 

ing  of  the  rock.  The  pump  is  made  without  a  foot-valve,  the  rod  oi 
the  bucket  working  through  the  seating  of  a  valve  which  rests  on  the 
top  of  the  working  barrel.  By  this  arrangement,  the  drawing  of  the 
bucket  also  draws  the  valve ;  and  should  the  bottom  of  the  borehole 
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be  filled  up  with  sand,  it  can  be  removed  by  lowering  a  scoop  8uob  as 
is  nsed  in  making  boreholes.  The  borehole  should  be  made  to  a 
greater  depth  than  that  required  for  the  pump,  to  provide  a  space  for 
sand  and  a^nri$. 

The  application  of  this  pump  to  the  sinking  of  shafts  can  be 
varied  to  suit  the  local  circumstances  and  the  geological  formation  of 
the  strata  to  be  passed  through. 

It  is  quite  evident  that  in  some  situations  the  shaft  might  be 
drained  by  means  of  boreholes  outside. 

It  is  the  usual  and  necessary  practice  to  provide  duplicate  pump- 
ing engines;  and  where  two  engines  are  made  to  pump  from  the 
same  well,  the  well  must  be  very  htrge  that  it  may  accommodate  two 
sets  of  pumps,  as  in  Fig.  13.  Such  wells  are  usually  12-14  ft.  diam. 
To  sink  such  a  well  in  an  ordinary  way  is  a  very  long  and  costly 
undertaking,  especially  if  quicksand  is  met  with.  On  the  completion 
of  the  well  it  may  be  necessary  to  drive  adits  to  increase  the  water 
supply.  A  simple  borehole  is  made  very  cheaply  and  very  ezpe- 
didoosly — ^four  30-in.  boreholes  can  be  put  down  in  a  very  small 
fraction  of  the  time  required  to  sink  a  12-ft.  well  in  the  ordinary 
way. 

Instead  of  making  a  large  well,  Davey  would  put  down  4  bore- 
holee,  as  in  Fig.  13,  to  accommodate  the  pumps  to  each  engine.  The 
boreholes  being  completed,  the  pumps  are  lowered  into  them,  and 
coupled  up  to  the  permanent  engines.  Immediately  that  is  done, 
the  water  found  in  the  boreholes  can  be  pxunped  and  supplied  for  use. 
Should  it  be  insufficient  then,  a  small  well  would  be  sunk  in  the  dry 
to  the  bottom  of  the  borehole  pumps.  The  boreholes  at  the  level  of 
the  pumps  would  be  connectea  to  the  centre  well,  and  adits  driven  to 
collect  more  water.  Should  the  boreholes  yield  sufficient  water  then 
there  would  be  no  necessity  to  sink  the  well. 

Fig.  11  is  the  section  of  a  completed  well  from  which  adits  have 
been  driven  to  collect  additional  water  to  that  yielded  by  the  bore- 
holes. When  such  a  well  is  made,  the  changing  of  the  working  -parts 
of  the  pumps  may  be  done  underground,  thus  obviating  the  necessity 
of  drawing  the  pump  rods  from  the  top. 

This  system  of  making  wells  and  shafts  certainly  promises  ad- 
vantages under  ordinary  conditions,  but  the  advisability  of  its 
adoption  in  anv  particular  case  must  be  a  matter  of  judgment  with 
the  engineer  planning  the  work. 

^2)  A  diamond  dnil  bore  was  put  down  760  ft.  from  the  bottom 
of  toe  North  Magdala  Company's  shaft,  Victoria,  which  was  920  ft. 
deep,  making  the  total  depth  from  surface  1680  ft.  The  drill  was 
fixed  on  the  snrface,  and  placed  over  the  shaft  and  in  such  a  position 
that  the  bore  went  down  in  the  north-west  comer. 

A  hole  4  in.  diam.  was  first  bored  by  hand  to  a  depth  of  10  in.  in 
the  bottom  of  the  shaft,  and  plumb  beneath  where  the  3-in.  tubes 
were  intended  to  come  down.  The  tubes  extended  to  the  surface,  and 
were  lowered  into  this  hole  to  within  1  in.  of  the  bottom.  Oakum 
was  not  procurable  locally,  so  a  substitute  of  chopped  hemp  and  coal 
tiT  was  used.  This  was  caulked  into  the  space  between  the  3-iD. 
tubes  and  the  4-inch  hole  until  it  was  well  filled ;  a  piece  of  1-in. 
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tarred  hemp  rope  was  then  wound  round  the  tube  on  top  of  the  hole, 
80  as  to  make  the  rope  stand  up  above  the  hole  about  1  in.  Over  the 
rope  a  washer  6  in.  diam.,  of  ^in.  rubber,  was  placed,  and  over  this 
washer  was  also  plaoed  an  iron  washer  6  in.  diam.  and  f  in.  thick 
(both  of  these  being  placed  on  the  tubes  before  thej  were  lowered).  A 
pair  of  clamps  were  then  bolted  on  the  tubes,  pressing  down  on  the 
iron  washer.  The  tubes  were  lowered  to  rest  their  whole  weight  of 
5  tons  on  the  iron  washer,  which  pressed  on  the  rubber  washer  and 
hemp  rope,  forcing  it  down  the  space  between  the  3-in.  tubes  and 
4-in.  hola  The  tubes  were  then  secured  to  the  wood  framing  of  the 
shaft  with  stays  and  clamps  every  12  ft.  These  stays  were  necessary 
to  prevent  vibration,  and  keep  the  tubes  perfectly  rigid.  When  the 
tubes  were  full  of  water,  the  pressure  at  the  joint  was  407  -  56  lb.  per 
sq.  in.,  pressing  against  the  rubber  and  iron  washers ;  but  the  tuoes 
being  5  tons  in  weight,  it  was  considered  there  was  sufficient  margin 
over  the  power  of  the  water  in  the  column  of  tubes  to  keep  the  joint 
perfectly  tight  It  was  found,  however,  upon  trial,  that  the  pressure, 
though  not  sufficient  to  lift  the  tubes,  buckled  them  to  such  an  extent 
as  allowed  the  water  to  force  out  the  hemp  packing  at  the  joint. 

The  following  method  was  then  adopted  with  complete  success : — 
Over  the  bottom  3-in.  tube  a  4-iii.  covering  tube,  7  ft.  5J  in.  long, 
was  placed,  the  top  end  of  which  pressed  against  an  iron  washer  fixed 
under  a  wooden  frame  in  the  shan;  the  bottom  end  rested  on  an  iron 
flange,  which  had  4  bolts  screwed  into  it ;  these  screws  pressed  down 
on  another  iron  washer,  which  likewise  pressed  on  a  rubber  washer 
covering  the  hole.  By  this  plan,  the  tubes  rested  on  the  rock  at  the 
bottom  of  the  hole,  and,  as  the  tightening  of  the  joint  threw  the  strain 
only  on  the  covering  tube,  the  3-in.  tubes  had  no  tendency  to  buckle. 
The  caulking  was  the  same  as  in  the  first  method  tried. 

There  were  many  advantages  obtained  by  the  plan  adopted  over 
that  of  putting  a  drill  down  at  the  bottom  of  the  shaft  It  was  more 
expeditious  and  economical,  as  when  the  joint  was  made  tight  the 
water  oould  be  allowed  to  rise,  which  saved  the  expense  of  keeping 
the  water  out.  A  larger  drill  was  also  used  than  would  be  possible 
down  a  shaft,  and  consequently  a  deeper  bore  could  be  sunk.  No  air- 
compressing  plant  was  required,  and  in  this  alone  a  ^reat  saving  was 
effected.  The  diamond  drill  used  in  connection  with  this  bore  is 
known  as  the  "  Victorian  Giant  Drill."  Among  other  improvements 
in  the  construction  of  this  drill  were  larger  hydraulic  cylinders  and 
the  substitution  of  friction  rollers  in  place  of  friction  rings,  which 
had  hitherto  been  used  on  all  drills.  The  rollers,' about  20  in  number, 
are  of  hardened  steel,  of  a  shape  known  as  truncated  cones,  and  work 
between  two  troughs  whose  internal  faces  are  made  to  suit  the  oonee 
or  rollers.  The  difficulty  with  the  rings  was  that  in  work  it  was  im- 
possible to  keep  them  efficiently  lubricated ;  conbequently  they  were 
continually  heating,  and  had  to  be  relieved  of  a  part  of  the  weight 
by  a  oounterpoise  when  the  bore  had  attained  a  depth  of  600  ft.  But 
with  the  cone  friction  gear  the  lubrication  is  complete ;  the  troughs 
being  filled  with  oil,  the  roller  was  thoroughly  oiled  as  it  revolved  io 
the  trough.  The  beneficial  effect  of  the  substitution  of  roller  f  rictioD 
gear  in  place  of  rings  was  demonstrated  at  the  North  Magdala  to  be 
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Buinifold.  Not  only  did  they  lessen  the  friction  of  working,  but 
enabled  the  drill  to  bore  to  a  depth  of  1700  ft.  without  the  aid  of  a 
connterpoiae  or  back  balance.  This  is  by  far  the  greatest  depth 
attained  without  the  aid  of  a  counterpoise,  and  is  solely  due  to  the 
adoption  of  friction  rollers  in  place  of  friction  rings.  With  such  ease 
and  freedom  from  heating  did  the  rollers  do  their  work  at  1700  ft. 
that  it  is  believed  that  a  depth  of  2700  ft.  could  be  bored  without  any 
aid  from  a  counterpoise  being  necessary ;  and  those  who  have  been 
compelled  to  use  a  counterpoise  will  readily  appreciate  the  economy 
and  saving  of  time  thereby  effected.  Another  improvement  intro- 
duced is  the  friction  break  on  the  drum.  This  allows  the  drum  to  be 
thrown  out  of  gear  when  lowering  rods,  as  this  can  be  done  by  the 
break,  thus  saving  time  and  the  great  wear  and  tear  of  the  machinery 
that  is  caused  by  lowering  rods  with  the  engines. 

(3)  An  extensive  swamp  covers  a  large  part  of  the  town  site  of 
Norwav,  Michigan,  and  adjacent  land.  Through  this  swamp  run  two 
panllel  oil  formations.  On  the  edge  of  the  swamp,  about  1000  ft. 
from  the  Aragon  mine,  a  diamond  drill,  in  the  fall  of  1889,  located 
an  or^bearing  formation,  to  explore  which,  the  Penn  Iron  Mining 
Company  proposed,  in  the  spring  of  1890,  to  sink  a  shaft. 

The  depth  of  the  eladal  drift  being  more  than  60  ft.,  and  a  large 
flow  of  water  having  been  struck  at  a  depth  of  20  ft.  by  a  test  pit,  it 
WHS  decided  to  sink  a  caisson  or  dropnahaft.  Two  40  h.p.  boilers,  a 
Lidgerwood  engine,  with  4-ft.  drum  and  a  good  derrick,  were  set  up, 
and  two  No.  10  Knowles  pumps,  rated  at  400  gal.  a  minute,  were 
brought  on  the  ground. 

llie  dimensions  adopted  for  the  top  of  the  shaft  were  6  ft.  by 
13  ft.  inside.  To  give  sufficient  space  for  pumps  and  working,  and  to 
aid  the  shaft  to  settle,  it  was  made  4  ft.  larger  each  way  at  the  bottom, 
llie  shaft  was  divided,  to  within  12  ft  of  iJie  bottom,  into  three  com- 
partments, the  middle  one  uniformly  4  ft.  wide.  This  compartment 
was  used  for  hoisting,  a  ladder-way  and  pipes.  The  pumps  were 
placed  one  in  each  end  compartment.  Above  the  pumps  the  end 
compartments  were  planked  up  to  be  filled  with  sand  to  increase  the 
weight.  A  ventilation-box  was  put  in  one  comer.  The  bottom  of 
the  shaft  was  left  unobstructed  for  working  purposes,  and  sufficiently 
hi^  to  allow  two  additional  pumps  to  be  put  in  under  the  first. 

The  bottom-pieces,  made  of  oak  and  constituting  what  is  called 
the  shoe  a.  Fig.  14,  were  15  in.  square,  but  the  bottom  inside  was 
bevelled  off  to  6  in.  Above  the  shoe,  white  pine  timbers  6,  12  in. 
spiare,  framed  in  set^  were  laid  close  and  bolted  together  and  to  the 
shoe  with  eight  5  ft.  bolts.  The  successive  sets  were  reduced  1  in.  in 
length  and  width,  until  at  48  ft.  above  the  bottom  their  dimensions 
corresponded  with  the  top.  Comer-posts  12  in.  square,  of  unequal 
lengths  so  as  to  break  joints,  were  bolted  to  every  other  side-piece 
and  end-piece.  The  bolts,  being  put  in  from  the  inside  and  having 
the  nuts  countersunk,  were  easily  unscrewed  and  recovered  when  the 
comer  posts  were  removed.  Like  the  comer  posts,  side  posts  were 
put  in,  one  at  each  comer  of  the  middle  compartment ;  12-in.  dividers 
were  used  every  5  ft. 

After  the  levelling  of  the  ground  the  timbers  were  built  up  and 
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bolted  as  far  as  the  derrick  and  backet  would  permit,  nearly  30  ft 
The  seams  were  then  carefully  caulked  outside,  and  3-in.  planks  in 
unequal  lengths  were  spiked  on,  to  protect  the  caulking  and  timbers 
and  to  strengthen  the  shaft. 

Ground  inside  the  shaft  was  broken  in  the  morning,  and  by  next 
morning  the  shaft  had  gone  down  6  ft.  On  the  fifth  day,  at  15  ft, 
the  pumps  had  to  be  started.  The  first  week's  work  resulted  in  18  ft 
sunk.    During  the  first  three  days  of  the  second  week  9  ft.  more  were 


Fio.  14. — Sinking  Shaft  thbough  Glacial  Dbht. 

sunk.  At  this  time  it  was  evident  that  both  pumps  had  to  run  fast 
to  keep  the  water  out,  and  if  one  should  break  down  or  the  water 
should  increase,  the  men  would  be  drowned  out.  Therefore,  before 
sinking  the  pumps  below  the  water-level,  it  was  necessary  to  get 
more  power. 

Two  portable  boilers,  of  35  h.p.  and  100  h.p.  respectively,  were 
connected,  and  two  No.  10  Cameron  pumps  were  placed,  without  air- 
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chambers,  4  ft.  under  the  Knowles  pumps.  Darmg  the  stop  the  shaft 
was  bnilt  up  again  as  high  as  possible. 

Everything  went  well.  The  pumps  were  kept  busy;  three 
nmning  constantly,  and  the  Knowles  pumps  often  making  160 
strokes  a  minute.  The  quantity  of  water  was  estimated  at  1500  gal. 
a  minute.  The  sand-boxes  were  now  filled  to  keep  the  shaft  down  to 
the  bottom  of  the  excavation.  The  sand  and  gravel  would  come  in 
under  the  shoe,  and  the  surface  about  the  shaft  settled  into  a  large 
pit  which  continually  grew  larger. 

At  this  time  the  shaft  was  down  50  ft.,  and  it  became  necessary 
to  again  build  it  higher.  This  took  three  days.  A  drill  in  the 
bottom  gave  some  encouragement,  as  at  10  ft.  it  struck  something 
hard.  During  the  next  three  days  hard  pan  was  found  in  a  comer 
of  the  shaft  At  this  point  the  shaft  did  not  settle  well,  even  when 
the  ground  was  out  1  ft.  or  more  from  under  the  shoe.  To  increase 
still  further  the  weight  of  the  shaft,  30  tons  of  rails  were  laid  loosely 
OQ  the  top.  While  going  through  the  hard  pan,  the  settling  of  the 
shaft  was  irregular,  accompanied  by  inrushes  of  sand  and  water  which 
kept  the  pumps  busy.  Props  hcid  to  be  placed  against  the  shaft  at 
diferent  times  to  keep  it  straight.  It  took  18  days  to  go  through  the 
14  ft  of  hard  pan ;  but  parts  of  two  days  were  spent  in  weighting 
the  shaft  and  one  day  with  an  accident  which  bade  fair  to  stop  pro- 
oeedingB  summarily. 

The  time  spent  in  sinking  may  be  summarised  as  follows : — 4  days 
sinking  15  ft  above  water-level ;  17  days  sinking  42  ft  through  wet 
gravel  and  quicksand;  16  days  sinking  14  ft  through  hard  pan; 
4  days  sinking  2  ft.  in  slates ;  making  a  total  of  41  days  sinking 
73  feet  To  this  must  be  added  6  days  required  to  build  up  the  shaft 
and  2  days  weighting  shaft  with  rails,  or  a  total  of  49  days,  or  one 
day  over  8  weeks  actual  working  time. 

The  shaft  was  now  down  firmly  in  the  ledge;  but  the  most 
delicate  part  of  the  operation  was  still  to  come,  namely,  stopping  the 
flow  of  water.  Before  that  could  be  done,  however,  many  things  were 
necessary. 

The  rails  had  to  be  removed  from  the  top  and  the  sand  from  the 
boxes,  the  pipes  changed,  and  the  shaft  built  up  to  the  surface. 
There  was  now  a  sink- hole  about  the  shaft  75  ft.  diam.  and  20  ft 
deep,  and  the  top  of  the  shaft  was  about  6  ft  below  the  original  surface 
leveL  The  shaft  was  but  little  out  of  plumb,  the  top  set  having  to 
be  raised  2  in.  at  one  end  to  level  it.  The  comer  posts  were  taken 
out,  the  bolt-holes  were  plugged,  and  the  shaft  was  caulked  on  the 
inside.  This  work  took  8  days.  The  next  14  days  were  spent  in 
sinking  11  ft  farther  into  the  ledges,  which  work  proceeded  slowly. 

The  work  of  sealing  up  the  bottom  of  the  drop-shaft  was  now 
nndertaken.  A  set,  6  ft  by  13  ft  inside,  of  12  in.  square  timber, 
was  carefully  placed  in  line  with  the  top  set  of  the  shaft,  about  6J^  ft 
below  the  shoe.  This  was  thoroughly  blocked  against  the  rock  all 
around  with  wedges.  Six  sets  c  of  the  same  size  were  placed  on  top 
of  the  first  and  each  bolted  to  the  next  Behind  the  sets  as  they  were 
built  up  was  put  a  thin  layer  of  clay  over  the  wedges  and  then  con- 
crete of  equal  parts  of  sand  and  cement     The  midSe  of  the  top  set  d 
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was  about  opposite  the  bottom  of  the  shoe.  Through  this  set  twentj 
2-iii.  holes  had  been  bored.  Behind  the  holes  a  layer  4  in.  deep  of 
gravel  and  broken  stone  was  laid,  leaving  a  free  passage  for  the  water. 
Upon  this  perforated  set  were  put  three  other  sets  t  of  inoreasing 
inside  dimensions,  so  that  the  top  set  was  against  and  bolted  to  the 
drop-shaft.  The  space  behind  these  sets  was  filled  with  concrete  as 
before.  This  timbering  and  cementing  in  such  a  flood  of  water  was 
a  tedious  process,  and  took  18  days.  The  holes  were  plugged  with 
some  difficulty,  but  this  finally  accomplished,  the  water  at  once  fell 
to  about  200  gaL  a  minute.  After  the  pumps  and  side-posts  had  been 
removed,  and  the  interior  had  been  thoroughly  caulked,  the  water 
was  deoiNdased  to  about  90  gal.  After  the  shan  had  been  sunk  farther, 
and  bearers  put  in,  a  small  station  was  cut  at  one  end  and  the  water 
was  gathered  to  a  No.  8  Cameron  pump.  Below  this  the  shaft  was 
sunk  with  a  No.  4  Cameron,  which  now  works  about  1^  hour  a  day. 

The  time  taken  for  sealing  up  the  bottom  may  be  summaribed  as 
follows : — 8  days  to  alter  sha^  after  it  rested ;  14  days  to  sink  11  ft. 
in  slates ;  18  dfays  to  timber  and  cement ;  16  days  to  remove  pumps, 
caulk  and  arrange  shaft  for  regular  sinking,  giving  a  total  of 
56  days. 

References : — a,  oak  bottom-pieces ;  5,  white  pine  sets ;  e,  series  of 
6  sets  bolted  together;  (2,  top  set  opposite  bottom  of  shoe;  e,  seriee 
of  3  sets  of  increasing  inside  dimensions ;  /,  hard  pan ;  ^,  sand  and 
gravel ;  &,  slate ;  t,  ooncrete ;  i,  broken  stone ;  {»  day ;  m,  wedges. 
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VENTILATION. 

Natural  yentilation  is  obtained  by  a  onrrent  of  air  passing  through 
the  workings,  indnoed  by  the  difference  in  level  between  the  two 
opeoings  of  liie  mine  at  the  snr&oe.  In  summer  the  current  is 
ordinarily  from  the  higher  towards  the  lower,  while  the  reverse 
direction  prevails  in  winter.  The  greater  the  difference  in  tempera- 
tore  between  the  exterior  and  interior,  the  greater  draft  tilie  current 
will  have. 

Local  conditions  vdll  often  determine  the  direction  of  this  current 
without  reference  to  the  aforesaid  principle  which  primarily  controls 
this  question.  Likewise  the  draft  increases  with  an  increase  in  the 
diiorenoe  of  elevation  between  the  two  openings  of  the  mine.  Where 
there  is  naturally  a  strong  current,  no  difficulty  is  experienced  in 
Tentilating  the  portions  or  block  of  ground  within  the  circuit  of  the 
cmrent.  The  air  can  be  directed  by  means  of  properly  disposed 
do(»8  into  any  desired  portion  of  the  workings  within  the  limits 
above  specified.  It  may  be  also  carried  into  the  face  of  drifts 
beyond  this  circuit  by  wooden  boxes  or  other  means  subdividing  the 
coirent. 

ScMuetimes,  to  increase  the  draft,  a  fire  is  made  near  the  mouth  of 
the  upcast  shaft,  or  a  suction  £&h  is  used  for  the  same  purpose.  The 
•action  &n  of  tiie  Idaho  mine  is  12  ft  diam.  with  4-ft.  face ;  8  h.p.  is 
recjoired  for  its  operation.  But  in  many  mines  there  are  certain 
pomts  situated  vnthout  this  course  of  the  current,  to  which,  from 
Uck  of  strength,  it  cannot  be  carried  in  sufficient  quantities  to  renew 
the  air  fouled  by  gases  generated  by  blasting  quickly  enough  to  enable 
the  uuinterrupted  prot»ecution  of  work.  In  such  cases  recourse  must 
be  had  to  some  system  of  artificial  ventilation.  Where  pneumatic 
drills  are  used,  these  perform  a  valuable  service  in  this  respect.  The 
exhausted  air  from  the  drills  keeps  the  atmosphere  fresh  and  pure 
during  drilling,  and  after  a  blast,  the  stopcock  of  the  pipe  conveying 
the  air  to  the  drill  is  turned  on,  and  the  compressed  air  rushes  into 
the  £m»  of  the  drift,  or  whatever  place  worked,  and  soon  restores  good 
air.  This  is  a  very  expensive  system  of  ventilation,  and  is  not  em- 
ployed where  artificial  air  is  necessary  on  a  large  scale. 

Blowers  of  various  designs  are  used  for  ventilation.  Amons  the 
most  popular  of  these  blowers  are  the  Baker,  the  Sturtevant,  and  the 
Hoot  The  smaller  mines  use  blowers  of  sizes  corresponding  to 
Xos.  1,  2,  and  3  of  the  Baker  Botary  Pressure  Blower,  while  blowers 
in  on  at  the  larger  mines  correspond  to  Nos.  4,  4]^,  and  5.  No.  2  has 
ft  ci^MMdty  of  5  cub.  ft.  per  minute.  No.  5  has  a  capacity  of  24  cub.  ft. 
per  minute. 

The  temperature  of  the  mines  is  more  dependent  upon  the  system 
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of  Tentilation  employed  than  upon  the  increase  of  temperature  due  to 
depth.  In  testing  the  temperature  of  many  mines  in  California,  it 
was  ascertained  that  no  significant  increase  of  temperature,  due  to  the 
increase  in  depth,  was  evident,  the  temperature  being  so  much  de- 
pendent upon  the  circulation  of  the  air  as  to  obliterate  any  influence 
that  would  otherwise  exist  because  of  the  difference  in  depth  of  the 
points  of  observation. 

The  following  notes*  show  the  great  differences  in  the  coefficient 
of  resistance  to  air-currents  in  mines  under  various  conditions  ;  e.  g. 
presence  of  timber  either  across  the  shafts  or  as  supports  in  the 
roadways,  the  repeated  enlargements  and  contractions  of  the  airway, 
sudden  bends  in  the  ways,  or  the  abrupt  junction  of  two  air-passages, 
are  all  important  factors  in  the  increase  of  resistance.  Shortly,  the 
alternate  increase  and  decrease  in  the  velocity  of  the  current,  the 
degree  of  smoothness  of  the  sides,  &c.,  and  the  change  of  direction 
of  the  air  current,  are  the  most  important  fstotors  in  the  loss  of 
pressure. 

The  following  table  shows  the  amount  of  variation.  In  this  and 
the  other  tables  the  coefficient  in  all  cases  represents  the  total  pressure 
which  must  be  distributed  over  the  transverse  section  of  the  airway 
for  every  square  foot  of  rubbing  surface,  in  order  \o  maintain  a  velocity 
of  1000  ft.  per  minute  in  the  airway.  It  will  be  observed  that  this 
is  a  constant  quantity  for  the  same  kind  of  surface,  and  independent 
of  the  dimensions  of  the  airway. 

Goeffldenta  in  lb.  per 

sq.  ft.  (rf*  rubbtng 

surfiMe,  Telod^ 

1000  ft.  per  minute. 

Straight  airwayp,  very  even  in  eection,  without  timber,  driven  I   .0027^9 

in  the  coal  seam       I 

Straight  airways,  irregular  section,  without  timber,  driven  inl   .003594 

theooalseam / 

Straight  airways,  regular  section,  withont  timber,  very  jagged^  .  aa4qqa 

sides j     "*^*^ 

Straight  airways,  regular  section,  timber  plentiful,  driven  in^  '004792 

the  coal  seam ..      ..     ..     / 

Shafts  timbered  (buntars  or  brattioe)      -003686 

Straight  airways,  very  irregular  aectioQ,  without  timber,^  *  005510 

driven  in  the  ooal  seam f 

Straight  airways,  driven  in  the  coal  seam,  irregular  section,!   .005595 

plenty  of  timber       / 

Aurways,  round  bord  and  pillar,  face  of  workings '0136S5 

The  increase  shown  between  the  first  condition  and  the  last  is 
nearly  400  per  oent. 

Having  in  view  the  general  condition  of  the  several  parts  of  the 
mine,  the  following  coefficients  might  be  adopted  for  use  in  calcula- 
tion : — 

Coeffldents 
as  before. 

Shafts  (timbered) -0037 

Intakes      0042 

Workings 'OlS? 

Returns     '0056 


•  T.  L.  Elwen. 
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The  above  resnlts  are  similar  to  those  derived  from  experiments 
made  in  Belgium,  viz. : — 

OoefBdents 
as  before. 

ATeragMofallthegalleriesof  acoal  mine      *009S6 

At  the  faoe  of  the  workings        *01419 

Galleries  and  pita  of  unifonn  section,  and  without  obstruotions    *  00208 

The  praotioal  concliisions  that  may  be  drawn  are  that,  next  to 
having  we  airways  large  in  section,  the  most  important  thing  is 
to  keep  them  as  straight,  as  regular  in  section,  and  as  &ee  fiom 
ohstruction  as  possible. 

The  effectnal  cooling  of  mines  is  a  subject  which  has  long  occupied 
the  minds  of  engineers.    An  invention  of  some  moment  has  been 
introdnced  to  the  managers  of  the  Cornish  mines  by  Captain  Williams, 
and  is  one  very  likely  to  become  adopted  by  coluery  managers  also. 
The  machine  is  simple,  and  the  moving  parts  are  enclosed  in  a  large 
upright  box,  and  may  be  made  in  different  sizes  to  suit  the  require- 
ments of  particular  mines.    Within  the  box  is  a  cup-shaped  cylinder 
which  swims  in  water,  whilst  the  motion  of  the  piston-rod,  actuated 
by  steam  power,  produces  a  strong  current  of  air  at  both  its  upward 
and  downward  strokes.     It  can  be  placed  at  any  required  depth  in  the 
mine  or  colliery,  and  receives  its  full  supply  of  air  from  the  surface. 
No  grease  or  oil  being  used,  the  air  is,  of  course,  preserved  in  the 
same  condition  as  snppued.     The  under  portion  of  the  machine  always 
contains  about  6  ft.  of  water,  and  the  up-stroke  of  the  cup  piston 
going  to  the  top  of  the  machine,  with  the  water  running  down  the 
sides,  keeps  the  inner  part  of  the  machine  deluged  with  water,  by  which 
means  the  air  is  cooled  before  it  is  delivered  into  the  mine^-even  to 
a  temperate  heat  in  the  hottest  summer.     The  inventor  claims  that 
the  machine  will  force  some  5,598,720  cub.  in.  of  cool  air  into  the 
interior  of  the  mine,  each  minute,  or  that  it  will  only  require  an 
engine  of  some  2  h.p.  to  deliver  7000  to  8000  cub.  ft.  of  air  into  any 
part  of  the  mine  or  colliery  per  minute.    At  the  Planitz  Colliery,  in 
Saxony,  the  air  used  for  ventilation  is  caused  to  turn  a  wooden  lap- 
wheel  working  in  water.     The  flaps  or  blades  are  thus  being  con- 
tinually moistened,  and  a  portion  of  the  n^oisture  is  given  up  to  the 
incoming  air. 

The  winning  of  coal  is  exceedingly  dangerous  during  all  periods 
of  low  or  diminished  atmospheric  pressure.  At  those  times  falls  of 
roo's  and  of  other  parts,  and  also  escapes  of  gas,  frequently  occur. 
The  main  diftculty  is,  of  course,  to  get  rid  of  the  gas.  The  system 
of  ventilation  used  tends  to  evil  whenever  the  air  is  rapidly  drawn 
through  the  w6rkings  of  the  mine  during  such  low  or  decreased 
atmospheric  pressure,  as  the  direct  or  forward  motion  and  force  of 
the  air  destroy  its  power  of  propping  the  roofs  and  sides  and  likewise 
lacilitate  explosions  owing  to  the  gases  being  drawn  out  of  the  solid 
coaL  The  present  system  of  ventilation  in  coal  mines  only  deals 
with  the  danger  of  sas,  that  is  to  say,  the  gas  escapes  under  the  force 
of  gravitation,  whicn  remains  practically  the  same  while  the  atmo- 
spl^ric  pressure  is  seriously  less;  hence  the  great  increase  of  gas 
which  must  be  discharged. 

To  overcome  these  defects  in  ordinary  methods  of  ventilation. 
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Jabez  Stanley  proposes  accomplisliing  by  mechanical  means  what 
nature  does  when  the  atmospheric  pressure  is  favourable,  and  when, 
therefore,  there  is  a  minimum  of  danger.  To  attain  this  object  he 
forces  air,  as  may  be  required,  into  the  mine  down  the  ordioaiy 
down-cast  shaft,  such  air  passing  through  the  workings  in  the  mine 
as  at  present,  and  from  thence  out  through  the  o>  dinary  up-cast  shaft. 
When  both  are  drawing  shafts,  the  usual  doors  to  prevent  ingrea 
and  egress  of  the  air  are  required  for  both  up-cast  and  down-cast 
shafts ;  the  air  enters  the  latter  below  the  doors.  The  up-cast  shaft 
is  provided  in  an  offshoot  from  the  top  of  the  shaft  with  a  regulating 
valve  or  valves  consisting  of  a  swivel  door  made  to  partially  open  or 
close  by  its  own  weight,  so  that  a  favourable  or  maximum  pressure  of 
air  is  maintained  during  all  weathers,  through  all  parts  of  the  mine, 
at  any  time  and  in  all  seasons. 

To  ensure  more  perfect  ventilation  of  large  coal  mines,  Stanley  also 
employs  an  additional  supply  of  compret^sed  air.  A  metal  reservoir 
or  receiver  is  provided  in  which  the  air  is  received  from  the  blast 
engine  or  blower  through  an  opening  in  the  reservoir,  which  can 
be  closed  or  opened  when  necessary.  This  reservoir  is  placed  in 
the  most  convenient  part  of  the  mine,  that  is  to  say,  either  inside 
the  workings  or  outside  the  mine.  One  or  more  iron  or  steel  mains 
or  conduits  are  fixed  and  laid  inside  the  mine  and  workings,  so  as  to 
proceed  from  the  air-reservoir  or  receiver  as  permanent  outlets  thereof 
from  which  branches  in  the  form  of  pipes  or  tubes  are  attached. 
Wherever  the  ordinary  current  or  currents  of  air  fail  to  displace  and 
discharge  the  gas  or  foul  air  from  the  mine,  or  to  supply  thoroughly 
any  part  of  the  workings  with  pure  air,  the  air-mams  and  branches 
are  used  as  accessories. 

In  order  to  obtain  satisfactory  results  in  ventilation,  it  is  not 
enough  to  force  a  great  quantity  of  fresh  air  into  the  mine,  but  this 
air  must  be  brought  into  as  cIono  proximity  as  possible  to  the  face  of 
the  workings.  The  solution  of  this  problem  is  all  the  more  difficult 
because  it  varies  with  the  circumhtances,  and  also  for  the  reason  that 
it  depends  on  the  attention,  goodwill,  and  intelligence,  not  only  of 
those  who  have  the  supervision  of  affairs,  but  also  of  the  men  them- 
selves. 

Special  arrangements  for  ventilating  the  working  fieioes  consist  of 
air-pipes,  partitions,  compartments,  parallel  roads  and  borings.  The 
use  of  air-pipes  supposes  the  mouth  of  the  pipe  which  reaches  the 
working  face  to  be  received  by  the  air-door,  wnich  can  either  be  set 
up  in  the  gallery  which  first  receives  the  air-current,  or  in  the  return 
airway.  But,  as  a  general  rule,  the  use  of  air-pipes  is  only  advisable 
in  large-sized  galleries  and  for  short  distances. 

Ventilating  partitions  offer  much  greater  security,  for  by  their 
means  two  independent  currents  of  air  of  almost  equal  i$ection,  and 
reaching  the  working  face,  can  be  obtained.  They  are  made  of  brick- 
work or  of  boarding ;  and  of  sailcloth,  either  stretched  on  frames  or 
hung  loosely.  Brickwork  partitions  are  specially  suited  for  long 
cross-cuts,  and  the  sailcloth  arrangements  tor  the  working  properly 
so  called.  The  partition  should  naturally  be  kept  airtight,  and 
approach  as  closely  as  possible  to  the  working  face. 
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In  deep  levels  and  broad  roads,  the  embankment,  if  sufficient,  may 
serve  for  partition  purposes,  but  an  airway  must  be  maintained  in 
the  lower  part,  to  permit  of  the  passage  of  fresh  air,  and  the  gallery 
proper  must  be  intercepted  by  a  door  which  will  expel  the  foul  air 
issuing  from  the  working  face,  in  the  direction  of  the  nearest  heading. 
Bot  in  this  case  it  is  absolutely  necessary  that  the  embankments 
should  be  carefully  made,  and  especially  that  a  facing  as  smooth  and 
impermeable  as  possible  be  made  the  length  of  the  airway  and  also  of 
the  gallery.  But  in  the  event  of  a  violent  explosion  this  arrangement 
presents  the  great  inconvenience  of  its  being  easily  destroyed,  which 
might  result  in  the  entire  suspension  of  the  ventUation  of  a  portion 
of  the  mine. 

When  winning  in  fiery  beds,  where  there  is  an  abundance  of  gas, 
it  is  better  to  proceed  with  the  deep  levels,  self-acting  planes,  and 
other  main  galleries,  and  at  the  same  time  also  to  drive  a  secondary 
parallel  gallery  in  the  seam  or  rock,  which  should  connect  with  the 
principal  gallery  by  means  of  shafts  which  ought  not  to  approach 
each  other  too  closely.  In  this  case  it  is  best  to  forward  the  working 
£m»  of  the  parallel  gallery  (upper)  with  respect  to  that  of  the  main 
gallery  (lower),  but  the  air-current  ought  to  arrive  there  in  the 
last  place,  in  order  that  the  gases  which  are  liberated  from  it  may 
be  carried  away  immediately.  Under  some  circumstances  it  would 
be  necessary  not  to  drive  the  two  galleries  simultaneously,  but  one 
after  the  other,  and  in  portions.  In  fiery  seams  it  is  also  strictly 
necessary  to  set  up  a  ventilating  partition  in  each  of  the  two  galleries 
from  the  last  rubble  to  the  face  of  the  working.  Lately,  particularly 
in  the  coal  mines  of  Westphalia,  ventilating  rubbles  have  been  replaced 
by  bored  air-holes,  which  have  this  great  advantage — that  they  do 
away  with  the  always  dangerous  necessity  of  driving  ascending 
galleries.  But,  on  account  of  their  small  size,  it  is  not  usually 
possible  to  circulate  the  air-current  through  them,  which,  in  the 
event  of  an  explosion,  might  be  the  cause  of  serious  danger.  Never- 
theleas,  if  by  boring  holes  of  greater  diameter  this  defect  were 
remedied,  they  would  answer  all  requirements. 

Of  the  various  means  of  ventilation  enumerated  above,  preference 
is  usually  given  to  parallel  roads  for  such  operations  as  shafts,  cross- 
cnt8>  and  isolated  galleries;  but  even  for  these,  partitions,  embankments, 
or  air-pipes,  provided  the  latter  were  of  adequate  size,  might  suffice. 
In  fiery  mines  the  works  cannot  be  executed  without  the  help  of  one 
of  these  means  of  ventilation.  All  airways  which  have  become  useless 
should  be  stopped  up  as  completely  and  in  as  durable  a  manner  as 
possible. 

It  is  not  always  possible  to  efficiently  circulate  either  tho  main 
or  partial  current  through  all  the  working  places,  without  its  becom- 
v^%  either  dangerously  enfeebled  or  receiving  a  downward  direction. 
Therefore,  in  narrow  mines  especially,  it  becomes  necessary  to  supply 
badly  ventilated  and  isolated  parts  of  the  mine  with  independent 
means  of  ventilation.  The  most  simple  means  of  effecting  this  is 
the  method  which  is  adopted  in  fiery  parts  of  Prussian  mines — namely, 
that  of  setting  up  fans  combined  with  pipes. 

Fans  may  be  exhausting  or  blowing.     As  a  general  rule,  the  latter 
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are  preferable,  because  the  meohanioal  effect  of  the  air-current  is 
better  able  to  keep  the  workings  free  from  gas,  and  to  continually 
convey  fresh  air  to  the  miner ;  whilst  with  an  exhausting  fan,  the 
air,  before  its  arrival  at  the  working  face,  has  already  absorbed  the 
gases  which  have  been  liberated  from  previous  portions  of  the 
gallery.  On  the  other  hand,  it  is  true  tnat  the  ^edlery  itself  is 
better  ventilated  by  an  exhausting  fan.  In  all  cases  it  is  strictly 
necessary  that  fans  shall  only  be  placed  in  currents  of  pure  air. 
When  they  exhaust  there  must  also  be  an  air  return  pipe  which 
will  lead  the  foul  air  as  directly  as  possible  into  the  issuing 
current. 

The  most  prominently  successful  colliery  fan  now  in  use  is  that 
made  by  Bumsted  &  Chajidler,  Hednesford,  Staffordshire,  and  known 
as  the  '*  silent "  pattern. 

Efficient  ventilation  should  aim  at  rendering  the  mine  atmosphere 
free  from  mechanical  impurity,  as  well  as  from  poisonous  gases,  and 
this  is  especially  the  case  where  friable  lead  ores  are  being  worked, 
or  other  minerals  producing  an  injurious  dust.  At  the  well-known 
Broken  Hill  mines,  water-mains  have  been  laid  underground,  and 
the  faces  and  workings  are  sprinkled  at  intervals,  thus  keeping  the 
atmosphere  in  a  fairly  satisfactory  state,  even  in  the  worst  portions 
of  the  mine. 
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It  has  been  justly  observed  by  a  writer  in  the  *Iroii  and  Coal 
Trades  Review/  that  no  invention  connected  with  mining  woi%  has 
be«i  looked  forward  to  with  greater  interest  than  that  of  the  electric 
i^np,  which  is  to  displace  the  old  Davy  and  Clanny.  It  is  perhaps  as 
well  to  remember  that  the  old  miners'  lamp  fulfils  two  distinct  duties ; 
h  gives  light  for  the  miner  to  work  by,  and  it  shows  him  where  gas 
i*  present.  The  first  duty,  that  of  giving  light,  it  performs  in  such 
ft  erode  fashion,  that  every  new  idea  which  promises  a  better  light  is 
eagerly  welcomed.  So  there  have  been  numerous  improvements  on 
the  old  original  I^^i  all  tending  either  to  increase  the  light  given, 
or  to  increase  the  safety  of  the  lamp  in  the  presence  of  the  strong 
currents  of  air  now  used  in  the  ventilation  of  mines.  This  brings  us 
to  another  point.  Even  the  most  improved  form  of  oil  or  spirit-burning 
lamp,  while  giving  infEillible  and  easily  understood  warning  of  the 
presence  of  inflammable  or  explosive  gas,  is  itself  not  safe  if  the  gas 
be  driven  through  its  meshes  at  a  given  velocity. 

Now,  it  will  be  obvious  that  the  electric  lamp  can  fulfil  two  of 
the  above  requirements.  It  can  give  a  better  light  than  is  the 
mle  with  oil  or  spirit-burning  lamps,  and  it  can  give  that  light 
in  such  a  form  that  no  matter  what  the  velocity  of  the  gas-laden  air 
dUToit  may  be,  no  particle  of  gas  can  penetrate  to  the  glowing 
filament.  But,  up  to  the  present,  no  electric  miners'  safety  lamp 
Baa  been  provided  with  a  simple,  safe,  and  reliable  apparatus  that 
will  warn  the  user  of  the  lamp  that  he  is  working  in  a  gaseous 
atmosphere.  Nearly  every  inventor  has  tried  to  solve  the  problem 
bj  attaching  a  platinum  wire  to  his  lamp,  which  is  allowed  to 
glow  at  a  dull  red  heat  behind  a  metallic  gauze  screen,  except  when 
gas  is  present,  when  the  platinum  wire  assumes  a  yellow  heat.  Apart 
from  the  electrical  difficulties  of  ensuring  that  you  have  always  such 
ft  corrent-strengih  passing  through  the  wire  as  will  raise  it  to  the 
proper  dull  red  temperature,  it  is  evident  that  the  adoption  of  this 
plan  surrenders  the  most  valuable  property  of  the  electric  lamp  under 
the  conditions,  viz.  the  absolute  impossibHity  of  contact  between  the 
^•8  and  the  source  of  light. 

Swan  and  Pitkin  &  Niblett  have  tried  other  plans,  each,  however, 
depending  upon  the  presence  of  heat  in  some  form  in  a  body  exposed 
to  the  gaa,  and  therefore  not  fulfilling  the  primary  condition  that  any 
f^as-teeter  attached  to  an  electric  miners'  lamp  must  conform  to. 
A.pparently  for  this  purpose  a  new  discovery  is  necessary,  and  the 
liiaooTery  if  made  will  probably  be  in  the  domain  of  the  chemist.  A 
careful  and  exhaustive  examination  of  the  properties  of  the  explosive 
jrases  which  are  found  in  coal  mines  will  probably  reveal  something, 
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suoh  as  that  some  snbstanoe  ohanges  its  colour,  or  its  form,  or  its 
pbysical  condition  when  these  gases  are  present,  in  suoh  a  manner  as 
to  be  readily  observed,  even  in  the  comparative  obscurity  of  the  mine, 
and  by  the  eyes  of  uneducated  men,  after  a  little  training.  It  is 
possible  that  electricity  may  aid  the  process.  An  electric  current  may 
set  up  a  certain  state  in  a  certain  body  or  class  of  bodies,  such  that 
the  presence  of  gas  is  readily  detected  by  its  influence  on  the  same 
bodies.  But,  until  some  such  discovery  has  been  made  of  some 
substance  that,  without  heating,  vriU  give  indications  of  the  presence 
of  gas,  as  surely  and  as  easily  read  as  those  given  at  present  by 
the  old  Davy  lamp,  the  miners*  electric  safety  lamp  vnll  not  be 
complete. 

Meanwhile,  pending  the  above  discovery,  it  may  be  interesting 
to  discuss  in'  what  position  the  electric  safety  lamp  stands  at  present, 
with  reference  to  its  fulfilling  the  other  duties  named.  Though  it 
will  be  inconvenient  to  be  without  a  gas  indicator  on  each  lamp,  the 
advantages  of  additional  light,  and  absolute  freedom  &om  the 
possibility  of  ignition  of  gas,  are  so  great,  that  means  can  be  taken 
to  provide  for  the  presence  of  gas  being  indicated  by  means  of  a 
certain  number  of  the  old  form  of  lamps  specially  provided  for  the 
purpose.  It  vriU  be  remembered,  of  course,  that  the  miner  can 
have  no  temptation  to  open  an  electric  lamp.  He  cannot  light  his 
pipe  at  it,  nor  can  he  warm  his  **  tommy."  And  if  he  should  succeed 
in  opening  the  lamp,  he  can  do  no  furtner  harm  than  leaving  himself 
in  darkness. 

There  are  two  methods  of  arranging  a  miners*  portable  electrio 
lam^.  The  lamp  may  receive  its  current  from  the  ordinary  lighting 
service  of  the  colliery,  by  means  of  a  pair  of  flexible  wires  connected 
to  the  electric  light  mains,  or  it  may  receive  the  current  from  some 
form  of  battery  which  is  carried  about  with  the  lamp.  The  first 
ilan,  though  it  has  been  tried  on  one  or  two  occasions,  is  too 
iangerous  for  adoption  until  the  working  collier  has  been  educated 
up  to  it.  Falls  of  roof  are  so  frequent  where  these  lamps  would  be 
used,  that  except  with  great  care  and  supervision,  there  would  be 
constant  danger  of  wires  breaking,  sparks  passing  across  the  break, 
and  gas  being  fired  if  present.  There  are  also  two  methods  of  oarrj- 
ing  out  the  second  arrangement,  namely  the  attachment  of  a*  port- 
able battery  to  the  lamp.  The  battery,  in  this  case,  corresponds  to 
the  reservoir  of  oil  in  l^e  old  form  of  lamp,  which  allows  the  wick 
to  bum  its  allotted  time.  The  two  methods  are,  by  means  of  what 
are  termed  primary  and  secondary  batteries. 

In  the  primary  battery,  a  metal,  usually  zinc,  is  consumed  in  some 
form  of  acid,  and  in  consuming  or  burning,  furnishes  an  electrio j 
current  which  can  be  used  to  give  light  by  means  of  an  incandescent 
or  glow  lamp.  To  complete  the  primary  cell,  as  each  vessel  in 
which  zinc  is  consumed  is  termed,  another  plate,  usually  of  carbon, 
sometimes  of  copper,  is  required ;  and  with  some  batteries  it  is  sdso 
necessary  that  this  second  plate  shall  be  immersed  in  a  second  liquid, 
in  order  that  certain  products  of  combustion,  the  smoke  and  ashes 
of  Uie  galvanic  cell,  may  be  got  rid  of  It  is  further  necessary  with 
the  present  glow  lamps,  at  any  rate,  to  have  two  or  more  of  these 
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cells,  in  order  that  a  sufficient  E.M.F.  may  be  generated  to  famish 
the  required  light  with  a  small  expenditure  of  current.  The  cells, 
whether  one,  two,  four  or  more,  must  be  held  together  in  some  form  of 
cise,  to  which  iJso  must  be  attached  the  lamp  and  a  handle  for 
cuTjing  the  whole  apparatus  by.  The  sdno  and  carbon  plates  also, 
if  inunersed  in  separate  liquids,  must  be  separated  by  a  porous 
partition,  and  the  plates  of  the  <ii£ferent  cells  must  be  connected 
together,  and  to  the  lamp  terminals  in  a  certain  order.  If  the 
light  given  also  is  to  be  much  better  than  that  of  the  old  Davy, 
and  the  battery  furnishing  the  current  is  to  occupy  a  small  space, 
the  acids  used  must  be  very  ^werful,  such  as  will  quickly  eat 
wires  in  two,  destroy  connections  to  terminals,  make  holes  in 
many  forms  of  containing  vessels,  and  produce  other  troubles. 

in  the  secondary  battery,  we  have  the  same  condition  of  things,  viz« 
two  different  metals,  or  two  pieces  of  the  same  metal  in  different  phy- 
sical states,  immersed  in  acid ;  but  in  this  case  the  conditions  are  pro- 
duoed  by  the  action  of  an  electric  current,  which  is  passed  through  the 
cells  for  several  hours  before  the  battery  is  required  for  use.  The  metal 
plat«s  used  in  the  secondary  batteiy  are  lead,  one  sometimes  being 
coated  with  a  layer  of  oxide  of  leaa.  On  the  electric  current  being 
applied,  one  lead  plate  becomes  oxidised,  or  if  already  covered  with 
ox^e,  tiie  latter  is  raised  to  a  higher  oxide,  while  a  deposit  of  what 
is  called  spongy  lead  appears  on  the  other  plate.  Spongy  lead  and 
lead  oxide,  in  the  presence  of  sulphuric  acid,  form  a  powerral  galvanio 
cell,  and  so  it  happens  that  after  the  plates  of  a  secondary  cell  have 
been  prepared  in  this  way  by  means  of  an  electric  current,  they  will 
famish  a  current — in  the  opposite  direction  to  that  which  created 
their  electromotive  force^if  required  to  do  so. 

It  will  be  seen  that  here  are  no  highly  corrosive  adds,  only  weak 
sulphuric  acid  being  used,  and  no  porous  divisions ;  but  the  same 
necessity  for  a  number  of  cells  exists,  and  for  connecting  their  plates 
in  a  certain  order  among  themselves  and  to  the  terminals  of  the  lamp. 
With  the  secondary  battery,  however,  as  refilling  or  recharging  is 
effefTted  by  merely  passing  a  current  through  the  cells,  the  connec- 
tions between  the  plates  and  to  the  lamp  should  be  able  to  be  made 
permanent.  And  in  fact,  at  first  sight  it  would  appear  as  if  the 
secondary  battery  lamp  fulfilled  all  the  conditions  required,  except 
that  of  being  able  to  test  for  gas.  In  practice,  however,  things  are 
not  quite  so  rosy.  Though  only  weak  sulphuric  acid  is  used,  and  the 
metal  employed  is  lead,  one  not  so  easily  attacked,  the  sulphuric  acid 
does  combine  with  the  lead  not  only  within  the  cell,  where  it  does 
useful  work  in  the  process,  but  outside  the  cell,  at  the  points  of  con- 
nection between  cell  and  cell,  and  between  the  cells  and  the  lamp, 
forming  there  a  hard  white  substance  which  offers  enormous  resist- 
ance to  the  passage  of  the  current,  in  proportion  to  the  E.M.F. 
present,  with  the  result  that  the  light  goes  down  and  is  finally 
extinguished.  The  presence  of  this  troublesome  lead  salt  beine  un-^ 
yuspected,  the  connections  being  concealed,  adds  to  the  inconvenience, 
aa  the  lamps  may  go  out  for  no  apparent  reason.  The  sulphuric  acid 
also  attacks  any  copper  connections  that  are  present,  and  in  the  same 
manner  may  be  doing  its  work  unseen  and  unsuspected,  till  some 
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midden  jerk  given  to  the  lamp  parts  a  wire  so  weakened,  and  the 
light  goes  out. 

Another  sonrce  of  trouble  with  the  secondary  battery  lamp  is  that 
if  the  plates  are  to  give  a  current  of  a  certain  strength  for  the  period 
of  a  shift,  and  to  repeat  the  operation  for  several  months,  they  must 
be  made  strong  and  heavy,  and  this  renders  the  lamp  heavier  than 
the  collier  cares  to  carry  to  and  from  his  work.  In  addition  to  ^s 
also,  there  is  a  strong  element  of  uncertainty  as  to  the  duration  of 
the  light  given  by  the  secondary  battery  lamp.  A  lamp  may  give 
its  full  light  for  10  or  even  15  hours  one  day,  and  only  for  one  hour 
the  next,  though  the  charging  current  may  have  been  passed  through 
it  for  the  same  time  in  each  case.  In  the  secondary  battery,  we  have 
really  two  batteries,  one  on  each  plate,  which  are  constantly  at  work ; 
and  though  the  powerful  charging  and  discharging  currents  mask, 
so  to  speak,  the  smaller  electro-chemical  reactions  which  are  present, 
these  occasionally  make  themselves  felt,  by  perhaps  short-circuiting 
a  pair  of  plates,  or  by  introducing  a  high  resistance  between  the 
positive  plate  and  its  oxide,  which  cuts  off  the  light  perhaps  for 
nours,  while  this  reaction  is  working  itself  out.  It  shoidd  be  men- 
tioned, too,  that  the  life  of  secondary  battery  plates  is  a  most  uncertain 
quantity. 

Though  it  appears  a  simple  matter  to  pass  a  current  of  electricity 
through  one  or  any  number  of  lamps,  having  a  dynamo  ready  to 
fumi^  the  current ;  and  though  it  is  a  simple  matter — to  a  trained 
electrical  engineer — to  arrange  for  charging  a  limited  number  of 
lamps  from  any  form  of  dynamo ;  where  the  number  of  lamps  is  large, 
as  it  would  be  at  most  collieries  if  secondary  battery  lamps  were 
generally  adopted,  it  is  by  no  means  a  simple  affair,  even  to  a  trained 
electrical  engineer,  unless  he  has  his  dynamo  specially  constructed 
for  this  purpose,  and  his  arrangements  for  connecting  his  lamps  veiy 
carefully  planned  indeed.  If  he  has  to  use  the  ordinary  100  or  110 
volt  dynamo  that  is  in  use  for  the  regular  lighting  of  the  colliery,  or 
a  800  volt  dynamo  that  is  doing  both  lighting  and  pumping,  for  say, 
charging  500  lamps,  he  will  be  very  fortunate  indeed  if  he  does  not 
have  frequent  cross  connections,  failures  of  the  connections  to  indi- 
vidual lamps,  and  other  little  things  that  will  add  to  the  cost  of  the 
lamps  by  creating  an  element  of  uncertainty  in  their  work. 

The  question,  too,  of  the  use  of  a  switch  with  any  miners'  electric 
safety  lamp  is  very  troublesome.  If  the  lamps  are  charged  before 
the  colliers  are  ready  for  them,  their  current  is  wasting  unless  it  is 
switched  off,  and  this  might  be  a  serious  matter  where,  as  often 
happens,  colliers  do  not  come  to  work  when  expected.  If  a  switch  is 
provided  with  the  lamp,  it  is  almost  certain  to  give  trouble.  It  can- 
not be  strong,  as  it  will  then  add  too  much  to  the  weight  of  the  com- 
plete lamp,  and  if  it  is  not  strong,  it  will  not  only  be  broken,  but 
cause  the  lamp  to  give  an  intermittent  light.  The  diffbulty  may  be 
overcome  by  naving  the  secondary  cells  in  batches,  removed  from 
their  cases  while  being  charged,  and  only  put  in  at  the  last  minute. 
But  the  question  would  naturally  arise  if  tnere  is  time  to  do  this  in 
the  early  morning,  when  hundreds  of  pitmen  are  clamouring  at  the 
lamp-room  window,  and  if,  in  the  hurry  attendant  on  followiBg  this 
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plan,  some  lamps  will  not  be  improperly  connected,  and  so  fail  before 
the  end  of  the  shift,  perhaps  before  the  face  of  the  coal  is  reached. 
The  new  switch  introduced  by  the  Edison-Swan  Company,  in  which 
tarning  the  light  in  or  out  is  effected  by  tilting  the  lamp,  is  certainly 
worth  a  fair  trial. 

It  would  appear,  however,  that  the  primary  battery  lamp  is  the 
one  which  will  eventually  be  adopted  for  mining  work,  as  the  opera- 
tion of  charging  them  more  nearly  resembles  that  of  refilling  the 
ordinary  lamp  now  in  use.  The  connections  also  will  be  under 
inspection  each  time  the  lamp  is  refilled,  and  can  be  cleaned  then  just 
as  the  gauzes  and  glasses  are  now.  Farther,  the  matter  of  connections 
can  be  arranged  in  a  very  simple  manner,  and  so  that  there  need  be 
very  little  waste  of  power,  while  the  lamp  is  not  in  use,  the  operation 
of  lighting  the  lamp  and  making  the  final  connections  being  very 
mnch  like  screwing  the  bottom  of  the  Davy  lamp  on,  as  at  present. 

The  working  cost  of  electric  lighting  in  mines  is  the  chief  point 
of  interest,  and  to  give  an  idea  of  l£is  the  following  example  of 
lighting  a  colliery  is  given,  based  on  the  estimates  of  John  Davis  h 
Son^  Derby. 

Lamps:  Pit  top,  2  x  100  c.  p.  and  2  x  16  c.  p.  Screens,  4  x  50 
cp.  Sorting  belt,  12  x  30  c.  p.  Engine-rooms,  6  x  25  c.  p.  Boilers, 
shops,  ofiices,  &c.,  12  x  16  c.  p.  Underground — Pit  bottom,  4  x  30 
0.  p.  Main  roads  and  stables,  20  x  16  c.  p.  Total  equivalent  to 
ahout  100  x  16  c.  p.  lamps. 

Taking  the  usual  hours  of  working,  and  taking  into  account  the 
all-night  lights,  the  expenses  per  annum  will  be  as  follows  : — 

Sorfaoe,  6  aji.  to  daylight  and  dusk  to  5.30  pji.\  „.  ^^  y^^^^x.^^^ 

=rSo  hours  X  60  x16  c.  p.  lamps /=     24,000  lamp-hours. 

UndCTgroond,  all  day  =  4000  hours  per  annum!   _  mn  t\t\e\ 

X25xl6c.p j  -  iuo,uw  „ 

All  night— surface,  6  x  16  o.  p.;    underground^  _     ^«  ^^ 
4x  I60.  p.  =  10x16  c.  p.  X  4000  hours        ../  ""     ^»^<^ 

164,000  „ 

£     f.  d. 

CoaL    164,000  lamp-hours,  at  2«.  6(f.  per  ton,  say       12  10  0 

Beoewals  of  lamps 20    0  0 

Depreciation  at  5  per  cent  on  2001        10    0  0 

Ofl,  water,  waste,  and  sundries       2  10  0 

£45    0    0 

This  is  equivalent  to  a  cost  for  gas  of  about  1«.  per  1000  cub.  ft. 

In  addition  to  the  lighting,  small  fans,  pumps,  drills,  &c.,  may  be 
driven  by  motors  from  the  lighting  wires,  and  will  work  without 
attention,  the  working  cost  being  merely  the  value  of  the  coal  used  in 
the  boiler  to  drive  the  dynamo. 

A  specimen  estimate  of  cost  for  the  installation  of  100  lamps  of 
16  c.  p.  is  given  by  the  same  firm  at  2002.,  the  details  being  as 
follows : — 

Dynamo.  One  compound  wound  self-regulating  dynamo,  capable  of 
maintaining  110  x  16  c.  p.  lamps  (or  their  eqniyalent) 
complete,  with  oast-iron  foundation  rails  and  belt  tighten- 
ing screws,  lubricators,  belt  pulleys,  &c. 
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Gables  and  wires.    ATerage  requirements,  with  lead-covered  cable  for 

pit  shaft. 
Lamps.    100  X  16  candle  power  incandescent  lamps. 
Fittings.   60  Dayis'  special  dn8t-i>roof  reflector  fittings,  of  various  types 
as  reonired,  fitted  with  lampholders. 
40  polished  brass  lampholders  with  shade-carriers. 
40  enamelled  steel  conical  reflectors. 
12  X  10  light  porcelain-base  switches,  combined  with  cnt-oot 
8  X  30  Ught  „  „ 

12  small  poroelain-base  cut-onts. 
4  laree  „  „ 

Switchboard.    8late  switchboard,  fitted  with  voltmeter  and  with  main 

switch,  main  double-pole  cut-out,  and  voltmeter  switch. 
Sundries.    Staples,  screws,  insulators,  brackets,  angle  irons,  spikes, 
coach-screws,  jointing  materials,  wood  casing,  &c. 

An  installation  for  200  lamps  would  cost  3752. ;  for  500,  850L ; 
for  1000, 13701. ;  by  using  larger  lamps  than  16  o.  p.  the  cost  is  ap- 
preciably lessened. 


Digitized  by 


Google 


71 


DRAINING. 

Whkn  a  mine  oan  be  worked  by  adits  these  are  driven  at  sncli  a 
gradient  that  the  mine  water  will  automatically  flow  out.  When 
sinking  is  adopted  the  water  will  accumulate  at  the  lowest  point,  and 
Bome  means  of  raising  it  is  rendered  neoessary. 

The  simplest  of  aU  methods,  but  the  usefulness  of  which  is  limited 
to  lifts  of  less  tiian  33  ft,  is  the  siphon,  varying  from  a  common 
rabber  hose  in  the  smallest  installations  up  to  an  8-in.  pipe* 

At  Byer  Moor  Colliery  five  siphons  are  in  use,  working  over  a 
distance  of  3557  yd.  The  greatest  lift  of  any  one  is  21  ft. ;  and  this 
siphon  is  1275  ft.  long,  4  in.  diam.,  has  three  right-angle  turns  in  it, 
fiiils  27  ft,  thus  working  under  a  6  ft.  head 
riving  a  pressure  of  2*59  lb.  per  sq.  in.,  de- 
Uvers  40  gaL  a  minute,  and  is  set  by  an  Evans 
force  pump.  Another  drains  two  sumps,  re- 
spectively 2766  and  1887  ft.  from  point  of 
delivery;  it  is  4  in.  diam.,  lifts  14  ft,  falls 
35  ft,  pressure  9  Ib^^per  sq.  in.,  discharge 
35  gaL  a  minute.  The  longest  has  thiee 
branches ;  the  main  trunk  is  996  ft.  long  and 
8  in.  diam.,  and  the  branches  are  2310  and 
1227  ft.  long  respectively  and  4  in.  diam.,  lift 
8ft. 

At  Chester  South  Moor  Colliery  a  siphon 
1800  ft.  long  and  6  in.  diam.  lifts  26  ft 

An  ingenious  air  valve*  used  at  Byer 
Moor  is  shown  in  Fig.  15 :  a  is  the  siphon 
pipe;  5,  a  flat  circular  leather  disc  valve 
attsdied  to  feed  pipe  c,  surmounted  by  a  pail  d. 
While  the  siphon  is  running,  c  and  d  are  filled 
with  water,  and  keep  the  valve  closed ;  while 
the  siphon  is  being  filled,  the  pressure  of  air 
against  the  under  side  of  the  valve  opens  it, 
and  the  accumulating  air  thus  escapes. 

Where  the  qucmtity  of  water  to  be  raised 
is  nnall,  and  no  fall  is  available  for  a  siphon, 
while  a  head  of  water  can  be  obtained,  a  most 
uaeful  contrivance  is  the  hydraulic  ejector, 
whidi  depends  on  the  principle  of  an  induced  current  created  by  the 
force  and  velocity  of  the  falling  stream.  This  simple  and  effective 
method  is  much  in  vogue  on  the  deep  gravel  mines  in  California, 

*  H.  F.  Bnlmftn  in  *  Joom.  Brit  Soc.  Min.  Stadento,'  Jan.  189S. 


Fig.  15.^  Am  Valve 
rob  Siphon. 
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16. — Hydraulic 
Ejiotob. 


where  a  great  head  of  water  can  be  had,  and  entirely  replaoes  pumpfl 
for  limited  duty,  practically  at  no  cost  for  either  operation  or  repair. 
The  airangement  is  shown  in  Fig.  16,  where  a  is  the  pressure- 
pipe  bringing  water  from  the  surface ;  6,  the  suction-pipe  for  drawing 
water  from  the  mine  sump;  c,  the  discharge-pipa  The  suction 
created  in  h  by  the  rush  of  water  from  a  into  c  induces  the  water  in  6 
to  flow  upwards.  The  precautions  neoessarr 
are  that  the  diameter  of  c  shall  be  groat  enough 
to  accommodate  the  flow  from  a  and  6,  but  not 
so  great  as  to  nearly  counterbalance  iJie  pres- 
sure (less  the  friction)  in  a ;  that  the  nozzles  in- 
serted in  the  ends  of  the  respective  pipes  united 
in  the  T  d  shall  be  proportioned  to  each  other 
(say  a  |-in.  pressure  nozzle  for  a  |-in.  receiver), 
and  adjusted  relatively  so  that  the  stream  from 
h  is  caught  up  before  it  can  spread ;  that  valves 
ef  are  inserted  in  a  and  c  so  as  to  shut  off  the 
water  in  case  of  anything  going  wrong ;  and  that 
bends  be  avoided  as  much  as  possible,  especiaUy 
after  the  pressure  water  encounters  the  suction 
water.  The  effective  power  of  the  apparatus 
is  about  30  per  cent,  of  the  pressure  water  and 
a  lift  of  200  ft.  is  easily  accomplished. 

When  the  foregoing  methods  are  not  avail- 
able, and  the  quantity  of  water  to  be  raised 
does  not  demand  a  pumping  plant,  buckets  or  tanks  may  be  empbyed 
in  oonnection  with  the  ordinary  hoisting  appliances. 

In  vertical  shafts  buckets  of  various  sizes  and  designs  are  used. 
Where  the  shaft  is  provided  with  guides  and  the  ore  is  hoisted  in 
cages,  the  baling  tanks  are  rectangular  in  form  and  are  made  to  run 
upon  these  guides.  These  tanks  are  usually  provided  with  safety 
catches,  similar  in  design  to  those  used  on  the  cages.  A  hinge  valve 
at  the  bottom  of  the  tank  permits  the  automatic  discbarge  of  the 
water  in  the  launders  at  the  surface.  A  more  expeditious  method  is 
to  dump  the  tanks  by  the  arrangement  of  the  guides  used  with  self- 
dumping  skips.  The  tanks  have  a  capacity  of  300  to  800  gal.  Where 
the  hoisting  is  done  through  incline  shafts,  self-dumping  skips  are 
used  to  raise  the  water.  At  the  Utica  Mine,  California,  676  gal.  of 
water  can  be  raised  in  1 J  minute,  from  a  depth  of  660  ft.,  through  a 
single  compartment  of  the  shaft. 

Where  the  amount  of  water  is  too  great  to  be  handled  by  buckets, 
tanks,  or  skips,  which  is  often  the  case  where  the  water  and  rock 
must  be  raised  through  a  single  compartment  of  a  shaft,  a  steam 
pump  is  very  serviceable.  A  pump  of  this  character  is  espeoiailly  to  I 
be  recommended  in  the  preliminary  stages,  when  the  developments 
of  the  mine  are  not  suflicient  to  justify  the  erection  of  the  far  more 
costly  system  of  the  Cornish  pumping  plant.  Steam  pumps  are  also 
a  valuable  adjunct  to  the  Cornish  or  to  any  other  system  of  pumping 
plant,  as  they  are  very  useful  in  emergencies.  Li  case  of  aociden^ 
disabling  the  Cornish  pump,  or  in  the  event  of  the  sudden  influx  oft 
great  volume  of  water,  the  auxiliary  steam  pump  might  prevent  th^ 
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inimdation  of  the  mine,  or  of  the  lower  workings  at  least.  Com- 
pressed air  is  often  nsed  instead  of  steam.  This  is  the  case  always 
where  the  pump  is  remote  from  the  boiler. 

Compound  steam  pumps,  although  the  most  economical  of  all 
types  of  steam  pumps  in  the  consumption  of  fuel,  are  seldom  em- 
ployed on  account  of  their  great  first  cost,  preference  being  given  to 
the  Cornish  system,  when  t£e  erection  of  a  large  plant  is  necessary. 

Non-rotary  pumps  without  flywheels  are  used  in  preference  to 
rotary  pumps.  Although  the  latter  are  more  economical  in  power, 
they  are  too  expensive  and  too  cumbersome  as  compared  with  the 
non-rotary  class  to  be  advantageously  employed. 

Simple  steam  pumps  are  either  horizontal  or  vertical.  Both 
classes  are  used.  The  vertical  pump  is  especially  useful  for  sinking, 
on  account  of  the  facility  with  which  it  can  be  lowered  or  raised. 
By  fjBir  the  most  important  class  of  pumps  is  the  Cornish  plunger  and 
lift  pump.  For  handling  large  volumes  of  water  from  great  depths 
this  system  is  superior  with  respect  to  economy  in  the  use  of  fuel  to 
pumps  of  any  other  design.  The  first  cost  of  the  plant  is  considerably 
greater  than  that  of  the  steam  pump.  The  lift  pump  is  used  to  raise 
&e  water  from  the  bottom  of  the  mine  to  the  lowest  of  the  set  of 
plungers.  From  the  lowest  plunger  upwards,  plunger  pumps  alone 
are  used.  The  motion  of  the  plunger  or  piston  is  imparted  to  it  by 
the  pump  rods,  which  are  placed  in  the  shaft  along  the  line  of  pump- 
column  through  which  the  water  is  raised.  The  pump-rod  is  com- 
posed of  timbers  4  to  12  in.  square,  joined  together  so  as  to  form  a 
ooDtinuous  piece.  This  rod  is  connected  with  the  balance-'*  bob  "  at 
the  surface.  Intermediate  balance-bobs  are  likewise  used  at  various 
paints  in  the  shafts.  To  the  nose  of  this  oscillating  bob,  the  oipper 
end  of  the  pump-rod  is  attached.  The  oscillating  motion  is  imparted 
to  the  bob  by  a  pitman,  which  connects  the  king-post  of  the  bob  with 
the  pump  wheel.  To  one  side  of  this  wheel  ^e  pitman  is  attached 
by  means  of  a  wrist-pin. 

A  reciprocating  motion  is  thus  given  to  the  pitman,  which  in  turn 
actuates  the  bob,  imparting  to  it,  as  before  explained,  its  oscillatory 
motion.  The  length  of  the  stroke  imparted  to  the  rods  and  thence  to 
the  plunger  is  regulated  by  the  distance  of  the  wrist-pin  from  the 
centre  of  the  wheeL  The  length  of  strokes  varies  from  3  to  8  ft.,  and 
the  number  of  strokes  per  minute  varies  from  3  to  10  or  12,  depending 
upon  the  duty  required  of  the  pump. 

At  the  inner  end  of  the  bobs,  counter  weights  are  placed  in  boxes 
tttaohed  to  the  bob  for  that  purpose,  to  prevent  the  too  rapid  descent 
of  the  rods,  and  to  equalise  the  work  of  the  engine  at  either  stroke. 

The  following  figures  are  an  average  month's  results  from  five 
years'  experience  by  J.  T.  Forgie  of  a  pumping  plant  dealing  with  a 
whole  coalfield,  and  as  actual  working  results  they  cannot  fail  to  be 
viloable. 

The  engine  is  an  old  horizontal  one,  with  cylinder  26  in.  diam., 
stroke  4  ft.,  and  geared  4  to  1  through  tooth  wheels.  The  tumbling 
Clink  sits  right  over  the  pit,  and  works  directly  on  to  one  of  the  lifts 
of  pumps  through  a  set  of  guides,  from  the  crosshead  of  which  are 
two  ponnecting  rods  driving  the  double-nosed  bell-crank,  which  in  its 
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tnm  driyes  the  seoond  bell-crank  ihroQgh  radius  bars,  and  this  other 
bell-orank  works  the  seoond  set  of  pumps.  The  whole  arrangement 
is  oompact,  but  not  desirable.  To  the  engine  was  applied  a  simple 
air-pump  and  oondenser,  worked  off  the  end  of  the  engine  shaft 
There  are  four  double-flued  Lancashire  boilers,  25  ft.  long  by  5  ft 
9  in.  diam.,  fired  underneath  the  boiler,  the  flame  being  oondaoted 
underneath,  then  back  in  the  tubes,  and  again  along  tbe  outside  of 
the  boiler  to  the  chimney-stack. 

Stroke  in  pumps,  6  ft ;  top  lift,  16  in.  plunger,  58  fathoms 
4  ft. ;  bottom  lift,  15]^  in.  plunger,  35  fathoms  2  ft. ;  total  depth, 
94  fathoms. 

The  pumps  went  261,485  strokes  during  the  month.  Total  hours 
in  month,  758.  Hours  pumps  were  standing,  33.  Actual  hours 
pumping,  725 — equal  to  43,500  minutes. 

261,485  -T-  43,500  =  6*01  strokes  per  minute  when  pumping. 

Foot-pounds  per  stroke  of  top  lift     180,224 

Do.  do.         bottom  lift       101,760 

Total  foot-pounds  per  stroke  of  pumps 281,984 

Deduct  5  per  cent 14,099 

Foot-pounds  per  stroke       267,885 

267,885  X  261,485  =  70,047,909,225  foot-pounds  per  month. 

Coal  consumed  during  the  month,  125  tons.  261,485  -4-  126  = 
2091*08  strokes  per  ton  of  coal.  125  tons  are  equal  to  2979  bushels 
of  94  lb.  each.  The  duty  of  engine,  or  foot-pounds  of  actual  work 
performed  per  bushel  of  ooal  consumed,  was  70,047,909,225  -r-  2979 
=  23,573,900. 

The  dross  used  during  the  month  was  coking  coal  dross,  whioh  is 
very  good  in  quality,  but  in  comparing  with  Cornish  pumping  engines 
duties  of  90  to  100  million  foot-pounds,  we  must  remember  that  they 
base  their  calculations  on  a  bushel  of  the  best  quality  of  round  screened 
ooal. 

Horse-power  exerted  by  engine  in  doing  actual  work,  not  counting 
that  exerted  in  overcoming  firiction,  &c. :— 70,047,909,225  -i-  43,500  = 
1,610,297  foot-pounds  per  minute  -7-  33,000  =  48-80  h.p. 

Diagrams  taken  with  speed  at  6  strokes  of  pumps  per  minute, 
showed  an  average  pressure  of  12*8  lb.  of  steam  in  piston,  and  a 
vacuum  of  9  *  2  lb.  per  sq.  in.,  equal  to  a  total  working  pressure  of 
22  lb.  per  sq.  in.  This  pressure,  and  with  the  average  strokes  per 
working  minute  per  month  (6*01)  gives  an  indicated  h.p.  of  67*95. 
The  actual  h.p.  in  work  done  was  48*80,  leaving  19*15  h.p.,  or  28 '18 
per  cent,  of  the  total  indicated  h.p.  as  that  used  in  overcoming  the 
friction  of  the  engine,  gearing,  pumps,  &a  In  other  words  the 
engine  was  giving  71*82  per  cent,  of  useful  effect.  The  steam 
pressure  in  the  boilers  when  the  diagrams  were  taken  was  40  lb. 
per  sq.  in. 

125  tons  are  280,000  lb.  weight  of  ooal~ 

280,000  -i-  725  =  386  lb.  ooal  consumed  per  hour. 

886  -I-  48*80  =  7*91  lb.  coal  consumed  per  h.p.  per  hour  of  actual  woA 

performed. 
386  -!-  67-95  =  5*68  lb.  ooal  consumed  per  indicated  h.p.  per  hour. 
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Actual  Afihes  made  by  Goal— 
125  tona  of  coal  gare  35  hutches  of  aahee,  weighing  4  owt  each,  or  in  all  7  tons. 
Asbe«  from  coal  =:  5*6  per  cent 

For  six  months*  contintious  work,  raising  845,981  tons  of  water, 
the  co>t  was : — 

Laboar:    732.   I9c,  or  4*06(2.  per   100  million   foot-pounds,   or   5*18d.   per 

100  tons  of  water. 
BepaiFi:  322. 18<.  lOd.,  or  1*81(2.  per  100  million  foot-pounds,  or  2*29c2.  per 

100  tons  of  water. 
Fuel :  1382.  6#.  2(2.,  being  823  tons  ordinary  quah'ty  dross  at  3<.  4(2.  per  ton,  or 

7*5Sk2.  per  100  million  foot-pounds,  or  9*59(2.  per  100  tons  of  water. 
Total:    2452.  4«.,  or  13*46(2.  per  100   million   foot-pounds,  or  17*01(2.  per 

100  tons  of  water. 

No  allowance  is  made  for  depreciation  of  plant  or  interest  on 
capitaL 

Appended  are  results,  also  by  Forgie,  of  pumping  at  an  Ayrshire 
pumping  station  with  a  compound  condensing  horizontal  engine.  The 
fuel  used  was  very  much  inferior  to  that  used  in  the  other  case,  and 
the  pumping  machinery  only  worked  12  hours,  necessitating  the 
boiler  fires  to  be  damped  over  night ;  hence  the  reasons  for  the  results 
per  100  tons  pumped  100  fathoms  being  so  very  little  better  with 
the  compound  condensing  than  with  the  simple  condensing  engine. 

High-pressure  cylinder,  20  in.  diam.,  4  ft.  6  in.  stroke. 
Low-pressure  cylinder,  34  in.  diam.,  4  ft  6  in.  stroke. 
Gearing  4  to  1.    Stroke  in  pumps,  6  ft 
Pompa— Top  lift  40  fathoms  4  ft.,  two  14-in.  plungers. 
rt        Bottom  lift  31  fathoms  2  ft,  two  14-m.  plungers. ' 

Foot-pounds  per  stroke— Top  lift      195.810 

„  „  Bottom  lift        150,870 

346,680 
Deduct  5  per  cent      17,334 

Foot-pounds  per  stroke       329,346 

829,346  foot-pounds  =  76*23  gal.  of  water  raised  72  fathoms  per  stroke  of 

pumps.    Water  pumped  in  one  year,  552,156  tons.    Cost : — 
Labour:  972.  8«.  114.,  or  4-36d.  per  100  million  foot-pounds,  or  4*22d.  per 

100  tons  of  water,  or  5*864.  per  100  tons  of  water  pumped  100  fiithoms. 
B^Mtirs:  712.  14s.  6<i,  or  3*22d.  per  100  million  foot-pounds,  or  3*12d.  per 

100  tons  of  water,  or  4*334.  per  100  tons  of  water  pumped  100  fathoms. 
Fuel:  872.  Is.  54.,  or  3*914.  per  100  million  foot-pounds,  or  3*784.  per  100  tons 

of  water,  or  5*254.  per  100  tons  of  water  pumped  100  fathoms. 
Total :  2552.  ]9t.  104.,  or  11*494.  per  100  nullion  foot-pounds,  or  11*124.  per 

100  tons  of  water,  or  15*444.  per  100  tons  of  water  pumped  100  fathoms. 

It  would  be  impossible  in  the  scope  of  the  present  work  to  even 
enumerate  the  many  forms  of  pump  in  the  market,  and  only  one  or 
two  prominent  examples  can  be  mentioned. 

The  Worthington  Pumping  Engine  Company  have  gained  a  world- 
wide reputation,  notably  in  connection  with  the  gigantic  operations 
of  the  American  oil  pipe  lines.  In  their  hydraulic  pressure  pump,  the 
ordinary  interior  double-iusting  plunger  is  replaced  by  two  plungers 
or  rams  having  external  adjustable  packings,  readily  renewed,  which 
work  into  each  end  of  a  cylinder  haying  a  central  partition.     The 
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plnngerB  are  connected  together  by  yokes  and  exterior  rods  in  snch 
a  manner  as  to  cause  them  to  move  together  as  one  plunger,  so  that 
while  the  one  is  drawing,  the  other  is  forcing  the  fluid,  thus  making 
the  pump  double-acting.  The  valve  boxes  are  also  modified  for  the 
purpose  of  subdividing  them  into  separate  small  chambers,  easily 
accessible  and  capable  of  resisting  very  heavy  pressures.  The  general 
arrangement  is  subject  to  numerous  idterations,  to  adapt  the  pump  to 
different  requirements.  The  general  characteristic  of  independent 
plungers  with  exterior  packing  is,  however,  in  all  cases  preserved,  as 
being  not  onl^  more  accessible  in  case  of  leakage,  but  also  as  allowing 
the  use  of  different  forms  and  material  of  packing.  The  severe 
pressure  to  which  these  pumps  are  often  subjected,  not  less  in  some 
cases  than  8000  lb.  to  the  square  inch,  demands  the  most  thorough 
construction  and  the  u$e  of  the  very  best  material. 

Not  less  renowned  are  the  "  sinking  "  pump  and  the  "  Lehigh  " 
pattern  mine  pump  of  the  same  firm,  in  which  simplicity  of  action, 
economy  of  power,  facility  of  repair,  and  unvarying  reliability  are 
kept  in  view. 

The  extensive  character  of  the  pumping  operations  in  connection 
with  the  sinking  at  the  new  Cadeby  Colliery,  Yorkshire,  recently 
completed,  lends  a  special  interest  to  the  means  employed.  The 
ground  passed  through  was  so  insecure  that  it  was  decided  to  try 
some  kind  of  pump,  capable  of  being  suspended  in  the  shafts,  and 
not  so  heavy  as  to  necessitate  the  preparation  of  very  strong  founda- 
tions, or  to  require  staying  from  the  sides,  which  were  too  unsafe  to 
stand  any  vibration,  and  too  soft  even  to  permit  of  holes  being  cut 
through  the  wood  lining. 

The  shafts  being  sunk  through  such  loose  and  soft  material, 
frequently  converted  by  the  water  into  mud,  had  to  be  very  carefully 
spiled  in  sinking ;  and  were  then  lined  by  placing  9  in.  by  3  in.  wood 
cribs  about  2  ft.  apart,  backed  with  7  in.  by  2^  in.  ^ttens  close  together 
behind,  the  whole  being  bolted  toother  crib  to  crib,  and  suspended 
from  long  cross-beams  hiid  on  pac^  on  the  surface.  Flat  iron  rods 
were  also  run  down  inside  the  cribs  from  the  top  beams,  and  secured 
thereto  as  an  additional  precaution  to  prevent  slipping. 

Choice  fell  upon  the  sinking  pump  made  by  W.  H.  Bailey  &  Co, 
Salford.  This  pump,  which  has  been  called  the  ''  Denaby,"  consists 
of  3  hollow  plungers ;  the  upper  pair  are  stationary,  and  over  them 
slide  barrels  which  are  connected  to  the  steam  piston.  From  the 
lower  ends  of  these  barrels  the  bottom  plunger  projects.  This  plunger 
works  into  a  third  barrel,  and  is  actuated  together  with  the  first  two 
barrels  by  means  of  the  steam  piston.  The  third  barrel  is  secured, 
together  with  the  pair  of  stationary  plungers,  to  the  steam  cylinder 
by  means  of  connecting-rods.  Thus  there  are  two  small  barrels  in 
connection  with  the  large  ram,  moving  between  the  smaller  rams 
and  the  large  barrel,  which  also  are  connected.  There  is  a  system 
of  rubber  disc-valves  in  the  junction  between  the  smaller  barrels  an  1 
the  large  ram,  constituting  the  delivery  valves ;  and  another  similar 
system  of  valves  at  the  bottom  of  the  large  barrel,  which  constitute 
the  suction  valves. 

The  action  of  the  pump  is  as  follows :— As  the  plunger  rises,  the 
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water  follows  it  into  the  lower  barrel ;  and  at  tbe  same  time  the  water 
in  the  hollow  plungers  is  forced  into  the  rising  main.  On  the  down 
stroke,  the  water  m  the  lower  barrel  is  forced  through  the  lower 
plnnger  and  valves  into  the  npper  barrels  and  plungers,  and  thence 
into  the  rising  main.  Thus  there  is  a  continuous  delivery  on  the  up 
ind  down  strokes.  One  of  the  upper  plungers  was  open  at  the  top 
u)d  formed  the  discharge  orifice  for  the  water,  and  the  other  was 
sloeed,  to  form  an  air-vessel.  On  the  later  type  of  pump,  both  the 
boUow  plungers  are  connected  with  pipes  passing  up  each  side  of 
the  steam  cylinder  and  joining  together  above,  wim  the  rising  main, 
[nside  each  of  these  pipes  is  a  lesser  tube,  air-tight  at  the  top,  leaving 
m  annular  space  which  forms  an  air-vessel.  The  steam  cylinder  is 
)f  the  Davidson  type,  which  is  found  to  give  excellent  results  in 
nrork.  There  is  practically  no  dead  point,  with  small  movement  in 
the  reversing  eccentric  lever ;  and  the  steam  valve  is  actuated  by 
iirect  steam  pressure  as  well  as  a  positive  movement,  should  sticking 
Mxmr,  communicated  from  the  reversing  lever.  The  first  pump  oIh 
tained  was  guaranteed  to  lift  50,000  gal.  water  per  hour  300  ft.  high 
iritii  80  lb.  boiler  pressure  of  steam.  This  quantity  was  obtained 
ifhen  running  at  about  35  strokes  per  minute,  but  on  emergency,  for 
nany  days  together,  a  speed  of  45  strokes  per  minute  was  maintained. 

A  telescopic  suction-pipe  of  steel,  with  cast-steel  snore,  was  pro- 
rided,  by  means  of  which  the  sinking  proceeded  about  6  ft.,  without 
leoessitatins  the  lowering  of  the  pump.  This  slide  pipe  was  cased 
yatside  with  strips  of  deal  3  in.  thick,  secured  with  iron  clamps,  to 
prevent  bulging  by  shot  firing.  The  whole  was  suspended  from  the 
ntrfaoe  on  two  old  winding  ropes  passing  from  suitable  eye-bolts  on  the 
ibor  connecting-rods  of  the  pumps,  up  the  shaft,  over  pulleys  carried 
m  long  beams  laid  on  packs  over  a  considerable  area  of  ground,  and 
thence  to  the  drums  of  a  capstan  engine.  After  the  pump  was  placed 
n  position  it  was  further  secured  by  means  of  wooden  clkmps  on  the 
rope  resting  against  the  pulley  framing.  The  supply,  steam,  exhaust, 
uiid  water  pipes  were  secured  to  the  hanging  ropes  by  iron  stretchers, 
placed  about  9  ft  apart,  provided  with  staples.  Steam  was  conducted 
to  the  pit-top  through  6  in.  cast-iron  pipes,  connected  with  a  length 
nispended  in  the  head  gear,  provided  with  a  stuffing-box  at  the  lower 
m^  wherein  the  3^  in.  steel  shaft-pipes  were  free  to  slide. 

As  the  sinking  progressed,  after  the  suction-pipe  was  drawn  out 
o  its  fiill  extent,  the  pump  with  the  columns  of  pipes  was  lowered 
>y  running  the  ropes  off  the  capstan,  and  exhaust-  and  water-pipes 
vere  built  as  required  on  the  top ;  the  steam-pipe,  after  being  drawn 
ts  full  length  out  of  the  stuffing-box,  was  pushed  back  and  another 
^wa  inserted.  A  stop-valve  and  a  lubricator  were  placed  in  the  fixed 
iteam-pipe  on  the  surface.  A  lad  was  in  charge  to  regulate  the  supply 
>f  steam  as  required,  he  being  in  communication  with  the  sinkers  in 
Jie  shaft  bottom  by  means  of  a  signal  bell.  The  speed  of  the  pump 
vas  thus  controlled  and  lubrication  effected  without  any  one  being  in 
the  shaft  for  these  purposes.  This  was  a  great  advantage  when  more 
[mmps  were  put  in,  as  the  same  lad  looked  after  the  whole  of  them. 

(^  reaching  a  depth  of  55  yd.,  the  influx  of  water  increased  so 
li  to  necessitate  the  use  of  another  pump,  which  was  of  the  same 
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ooDstmotion,  except  tHat  the  stroke  was  increased  to  36  in.  This 
pump  was  guaranteed  to  lift  70,000  gal.  an  hour  while  mnnbg 
35  strokes  per  minute.  But  this,  on  getting  down  a  few  inch^ 
farther,  was  still  inadequate  to  deal  with  the  amount  of  incoming 
water,  and  another  similar  pump  was  obtained  and  put  to  work.  The 
sinking  progressed  to  a  depth  of  57  yd.,  and  was  then  stopped  on 
account  of  the  inability  of  the  pumps  to  drain  the  shaft  In  the 
meantime  the  No.  2  shaft  was  following  down  comparatively  dry,  and 
it  was  decided  to  continue  it  until  it  reached  the  same  stratum  as  in 
No.  1,  and  put  additional  pumps  in  that  shaft.  The  first,  or  No.  4 
pump,  was  put  to  work  at  a  depth  of  45  yd.,  and  No.  5  was  placed  in 
No.  1  shaft,  making  four  pumps  in  that  pit.  Both  shafts  were  sunk 
simultaneously  to  sandstone  73  yd.  deep  in  No.  1,  and  62  yd.  deep  in 
No.  2  shaft.  Another  pump,  No.  6,  was  put  in  No.  2  shaft,  and  the 
sinking  was  carried  on  untU  the  first  wedging  crib  was  laid  in  No.  1 
shaft  at  a  depth  of  72  yd.  2  ft.  The  tubbing  was  now  built  up  to 
the  surface  and  wedged.  Before  this  was  fixed,  the  quantity  of  water 
lifted  out  of  both  shafts  exceeded  400,000  gal.  per  hour,  as  tested  in  a 
tank  and  over  a  sill.  This  quantity  had  to  be  dealt  with  for  3  months 
until  the  tubbing  was  wedged. 

The  first  wedging  crib  was  laid  in  No.  2  shaft  at  78  yd.  2  fL,  and 
the  tubbing  was  built  thereon  up  to  the  surface.  Both  shafts  were 
afterwards  sunk  to  a  depth  of  100  yd.,  wedging  cribs  being  laid  and 
the  tubbing  joined  up  in  short  lengths,  so  as  to  lay  open  as  few  fissures 
as  possible  to  bring  the  water.  At  this  depth  the  limit  of  the  pumps 
was  reached  and  two  more  were  procured,  making  a  total  of  eight 
They  were  then  re-arranged,  two  being  placed  in  the  bottom  of  each 
shaft  delivering  into  a  cistern  fixed  70  yd.  from  the  surface,  and  two 
lifting  from  the  cistern  to  the  surface.  These  latter  pumps  were  hung 
by  similar  means  to  the  lowering  ones,  but  the  ropes  were  attach^ 
to  beams  on  the  surface.  The  sinking  was  continued  by  this  means 
until  the  whole  of  the  feeders  were  stopped  by  tubbing  at  depths 
of  131  yd.  2  ft  in  No.  1  shaft  and  123  yd.  in  No.  2  shaft  The  tub- 
bing was  continued  to  obtain  a  solid  and  hard  bed,  to  cribs  laid  at 
137  yd.  2  ft  in  No.  1  shaft,  and  129  yd.  in  No.  2  shaft 

The  capstan  consists  of  six  drums  connected  to  a  pair  of  13-in« 
cylinder  by  26-in.  stroke  engines  geared  on  the  third  motion  25  to  1. 
These  are  arranged  so  as  to  hang  sca£folds  in  both  shafts  for  putting 
in  the  tubbing,  and  afterwards  bricking.  The  pump-ropes  were  pro- 
vided with  couplings  to  attach  to  the  capstan  ropes,  and  were  changed 
as  required.  Eight  Lancashire  boilers,  30  ft.  by  7  ft  6  in.,  were 
required  to  provide  steam  for  all  purposes,  which  included  two  pairs  of 
24-in.  cylinder  by  48-in.  stroke  sinking  engines,  three  steam  winches, 
one  16-in.  cylinder  by  42-in.  stroke  fan  engine,  which  also  drives  an 
electric  dynamo  for  lighting,  mortar  mill,  shop  engine,  &c.  These 
boilers  were  worked  at  a  pressure  of  80  lb.  per  sq.  in. 

It  will  be  noticed  that  the  pumps  have  not  been  designed  for 
economy  of  steam,  but  for  the  following  advantages: — Comparative 
small  &:st  cost;  no  firm,  stable,  or  expensive  foundation  required; 
taking  up  little  room  in  the  shaft;  working  independently  of  each 
other ;  requiring  no  staying  in  the  shaft ;  having  few  working  parts. 


Digitized  by 


Google 


DRAINING.  79 

«nd  these  of  Bimple  constraction ;  easily  repaired  in  case  of  accident ; 
freely  controlled  from  the  surface ;  capability  of  working  in  case  of 
sabmersion  and  with  wet  steam ;  quickly  raised  or  lowered ;  and  they 
can  be  tied  out  of  the  perpendicular,  a  great  advantage  in  putting  in 
tubbing,  d^c.  All  these  points  were  practically  proved  to  have  been 
attained  in  a  degree  beyond  anticipation,  and,  as  before  stated,  the 
quantity  of  water  lifted  was  far  in  excess  of  the  calculated  capacity. 

Electricity  in  its  application  to  pumping  machinery  is  attracting 
much  attention,  and  at  the  Andrews  House  Colliery,  Durham,  is  a 
good  instance  of  a  plant  for  driving  pumps  inbye.  This  colliery 
is  noted  for  the  large  quantity  of  water  that  must  be  handled ;  at 
one  time  40  tons  of  water  were  raised  for  each  ton  of  coal.  The 
electrical  plant  was  put  up  in  June  1889,  and  has  been  enlarged 
and  extended.  A  dynamo,  with  armature  10  by  10  in.,  shunt  wound, 
was  located  about  300  ft.  from  the  shaft-mouth,  and  connected,  on  the 
third  motion,  through  two  leather  belts  and  a  counter  shaft,  ratio  24 
to  1.  The  engine  has  one  cylinder  12  in.  diam.  and  24  in.  stroke.  At 
980  ley.  the  dynamo  gave  17  amperes  at  245  volts,  equivalent  to 
5-5  h.p.  The  motor  was  in  the  workings  4800  ft.  from  the  dynamo, 
and  was  of  1*8  h.p.,  175  volts,  10  amperes,  850  rev,,  10  by  4  in. 
Immature,  series  wound.  It  was  connected  by  means  of  a  leather  link 
belt,  4  in.  wide,  with  a  treble  ram  pump,  to  lift  30  gal.  a  minute  44  ft. 
high,  the  rams  being  3  in.  diam.  and  7^  in.  stroke.  The  ratio  of  speed 
between  the  motor-shaft  and  the  crank-shaft  of  the  pump  was  15  to  1. 

The  cable,  as  first  put  in,  was  of  7  copper  wires  18  W.G.,  insulated 
with  the  Fowler- Waring  patent  lead  covering,  which  has  proved  very 
satisfactory.  For  the  return  current,  old  rope  was  at  first  and  is  stiU 
used  nearly  all  the  way,  and  is  allowed  to  lie  on  the  ground,  or  is 
attached  roughly  to  the  side  of  the  way  by  nails.  Only  250  yd.  of 
the  return  conductor  is  insulated  cable.  A  test  gave  the  total  resist- 
ance of  the  cable  as  5  ohms ;  that  of  the  4800  ft.  lead  cable  may  be 
reckoned  at  3  •  05  ohms,  and  of  the  750  ft.  return  cable  0  •  47  ohm,  leaving 
1*48  ohms  as  the  resistance  of  the  1350  yd.  of  old  rope.  The  first 
motor  and  pump  replaced  a  horse  crank  pump,  which  was  employing 
8  hones,  and  then  could  not  drain  the  feeder  of  water.  As  the  water 
increased,  it  was  soon  found  necessary  to  add  a  second  motor  and  pump. 
I'his  motor  is  of  the  same  size  and  type  as  the  other,  and  the  pump  has 
three  rams  3  in.  diam.  by  8^  in.  stroke,  the  ratio  of  speed  between  the 
motor-«haft  and  crank-shaft  of  the  pump  being  17  to  1.  A  test 
showed  that  the  motors  utilised  34  per  cent,  of  the  power  given  by  the 
driving  engipe.  The  total  cost  of  ^e  installation,  including  dynamo, 
two  motors,  two  pumps,  cable,  and  labour  of  fixing,  was  about  5001. 
More  recently  it  was  found  that  the  two  motors  and  pumps  were  not 
sufficient  to  cope  with  the  water,  which  had  more  than  doubled  in 
quantity.  A  larger  dynamo  was  therefore  got,  armature  12  by  12  in., 
compound  wound,  yielding  at  its  normal  speed  38  amperes  at  270  volts, 
but  it  has  been  run  up  to  50  amperes  and  300  volts.  It  is  connected 
with  the  same  driving  engine,  on  the  second  motion,  by  a  leather  link 
belt,  the  ratio  of  speed  being  1  to  11.  The  field  of  the  old  dynamo 
was  rewound,  and  it  was  utilised  as  a  motor  to  drive  a  third  pump,  at 
a  distance  of  about  6000  ft.  from  the  dynamo.     This  pump  has  three 
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rams  5  in.  diam.  and  lifts  60  gal.  a  minnte  a  height  of  84  ft.  A  new 
cable  was  got  For  250  yd,  it  is  19-18,  i.  e.  19  wires  of  18  W.G., 
and  for  the  rest  of  the  distance  to  the  first  motor  there  are  two  cables, 
one  7-18  and  the  other  7-16 ;  from  the  first  motor  to  the  second,  ^which 
is  900  ft.  farther  inbye,  the  cable  is  7-16,  and  from  the  second  motor 
to  the  third  7-18. 

Fig.  17  shows  the  form  of  support  used  for  the  insulated  cable. 
The  cable  a  is  fastened  by  wire  to  the  earthenware  insulator  h  ;  the 
cups  c  are  intended  for  holding  a  little  oil«  so  as 
to  break  a  continuous  surface  of  moisture,  which 
might  allow  the  current  to  get  to  earth ;  d  is 
an  iron  rod  fixed  into  a  timber  balk  or  plug  in 
the  roof  or  side.  Old  ropes  are  still  used  for 
the  return  current,  as  before.  Considering  the 
resistance  in  the  pipes,  the  average  work  done 
„      ,^     o  by  the  pumps  is  as  follows:   Ist,  0*57  h.p. ; 

C]^^"^"""  2nd,  0-89  h'J.;  3rd.  1-78  h.p.T  a  total  of 
3  •  24  h.p.  The  normal  current  required  at  the 
third  or  farthest  inbye  motor  is  19  amperes  and  172  volts.  Between 
the  motor  and  the  dynamo  there  is  a  loss  of  electrdmotive  foroe  of 
100  volts.  The  efficiency  of  transmission  of  the  present  plant  has 
been  oedculated  to  be  45  per  cent.,  as  follows :  Brake  h.p.  of  driving 
engine  at  75  rev.,  16  •  60  h.p. ;  the  dynamo  gives  85  per  cent,  of  this 
=  13 '17;  the  cables  give  69  per  cent.  =  9 '08;  the  motors  give  80 
per  cent.  =  7  •  27  ;  the  total  being,  46  •  02  per  cent.  The  pumps  are 
kept  at  work  constantly,  resting  only  40  to  60  minutes  in  24  hours, 
and  one  man  attends  to  them,  the  motors  and  the  pumps,  llie  speed 
of  the  motors  is  regulated  by  resistance  coils  in  the  usual  manner. 
The  installation  is  giving  complete  satisfaction. 

In  slate  formations,  or  where  junctions  of  slate  and  sandstone,  for 
example,  occur,  there  is  likely  to  be  considerable  leakage  of  suiiiEu^e 
water  into  the  workings,  and  unless  great  care  is  taken  the  storage 
reservoir  for  the  mill,  Ac,  may  add  very  largely  to  the  amount  of 
pumping  required. 

In  limestone  formations  particularly  the  quantity  of  underground 
water  is  so  great  that  no  pumping  machinery  has  yet  been  devised 
to  cope  with  it ;  and  where  drainage  cannot  oe  effected  by  tunnels, 
the  mineral  deposits  have  to  be  abandoned. 

In  copper  mines  the  decomposition  liberates  so  much  sulphuric 
acid  that  tne  pump  pipes  and  valves  become  very  rapidly  corroded. 
So  much  is  this  the  case,  for  instance,  at  the  Oagrion  mine,  Montana, 
tiiat  Superintendent  Goodale  proposes  lining  the  iron  pipes  with  wood. 
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Except  in  the  oase  of  simple  open  qnarries,  where  the  whole  oper- 
ation IB  carried  on  in  daylight,  the  extraction  of  ores  and  other  mineral 
snbstaDces  is  conducted  by  means  of  horizontal  passages,  which  bear 
Ter^  various  names,  acoording  to  the  precise  manner  and  object  with 
which  they  are  constructed. 

When  the  deposit  to  be  worked  lies  beneath  a  level  or  flat  surface, 
tlie  first  preliminary  is  to  sink  a  shaft  down  to  the  bed.  But  when 
the  ooantry  is  mountainous  or  hilly  it  is  generally  possible  to  attack 
the  mineral  by  means  of  a  tunnel  or  adit  driven  directly  in  from 
the  face  of  the  slope.  This  latter  method  possesses  numerous  ad- 
TantageSy  among  which  may  be  specially  mentioned  that  the  cost  of 
pnmpmg  out  the  natural  drainage  water  from  the  workings  is  avoided, 
and  that  the  expense  of  bringing  the  product  to  surface  is  very  greatly 
Tedoced.  These  considerations  render  mining  by  adit  immeasurably 
preferable  to  the  shaft  system  wherever  circumstances  allow  it  to  be 
done. 

Obviously  many  points  arise  in  determining  how  the  adit  shall  be 
driven,  firstly  with  regard  to  its  location  and  secondly  with  regard 
to  its  construction.  The  aim  of  the  miner  is  to  reach  the  ore  body  as 
qxiickly  and  economically  as  possible,  to  attack  the  maximum  of 
mineral  by  one  expenditure,  and  to  ensure  continuous  and  safe  work- 
ing at  a  minimum  cost. 

Two  of  the  most  vital  conditions  in  all  minine  are  drainage  of 
the  workings  and  cheap  transport  of  the  mineral  boui  inside  and  out- 
side the  mine.  Therefore  the  adit  must  be  so  driven  that  it  shall 
discharge  its  water  where  it  can  readily  flow  away,  and  deliver  the 
mineral  at  a  spot  handy  for  further  treatment.  In  vein  mining,  the 
adit  is  generally  driven  on  the  vein,  but  there  are  cases  where  it  is 
advantageous  to  run  the  adit  in  the  country  rock  at  one  side,  and  tap 
the  mineral  by  occasional  cross  cuts.  The  annexed  illustrations  show 
various  forms  of  adit. 

Fig.  18  is  the  simplest,  the  whole  tunnel  being  in  the  vein  matter, 
which  is  sufficiently  firm  to  render  timbering  unnecessary.  The 
tramway  or  barrow  road  is  laid  along  the  middle  of  the  gallery,  and, 
the  mine  being  dry,  a  small  gutter  on  the  footway  side  suffices  to 
cany  away  the  drainage  water. 

in  Fig.  19  the  tunnel  is  driven  entirely  in  the  country  rock, 
which,  being  firm  on  all  sides,  requires  no  timber ;  but  the  drainage 
water  is  so  abundant  that  a  larger  gutter  has  to  be  provided  under 
the  roadway,  and  the  latter  is  supported  on  timber. 

In  Fig.  20  the  adit  is  run  entirely  in  the  vein.  The  walls  of 
ooantry  rock  being  firm  and  the  bedding  flat,  no  timber  is  needed  at 
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the  sides ;  but  the  veinstuff  affords  a  bad  roof,  and  timbers  have 
therefore  to  be  run  across,  their  ends  being  secured  in  the  conntiy 
rock  at  each  side,  and  smaller  timbers  laid  across  them. 

In  Fig.  21,  the  country  rock  is  flat  bedded,  and  stands  well  in  the 
wall  and  roof,  but  the  veinstuff  requires  the  support  of  timbers  let  in 
as  shown. 

In  Fig.  22,  it  is  the  veinstuff  which  stands  firm,  while  the  conntry 
rock  is  not  flat  bedded,  and  timbering  becomes  necessary  on  that  side 
of  the  adit. 


Fio.  19.  -=sgBd  Bit  Fig.  18. 


Fig.  21.  .^         Iffl"-         Fig.  20. 


Fig.  23.  Fig.  22. 


Fig.  25.  ^^sm         W^  Fio-  24. 


Examples  or  Tuknels. 

In  Fig.  23  the  dip  of  the  country  rock  makes  it  necessary  to 
timber  the  roof  as  well  as  one  wall,  while  the  veinstuff  stands  alone. 

In  Fig.  24,  the  country  rock  is  firm  despite  its  dip,  but  the  vein- 
stuff  is  weak,  and  on  that  side  of  the  adit  double  timbering  is  neces- 
sary, the  adit  being  run  entirely  in  the  country  rock. 

In  Fig.  25  the  ground  is  weak  on  all  sides,  and  there  is  no  alter- 
native but  to  make  a  complete  timber  framework. 

Levels  are  run  at  varying  distances  apart.  When  the  vein  is 
steep  it  is  best  to  have  the  levels  far  apart,  up  to  150  ft.,  thus  effect- 
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mg  a  greater  saving  in  tibe  dead-work  of  cntting  out  stations  and  of 
nmning  drifts  to  open  up  the  ground.  Flatter  veins  demand  that 
the  levels  shall  be  nearer. 

When  the  levels  have  been  run,  the  ground  is  ready  for  mining 
proper,  or  *'  stoping/'  as  it  is  called.  This  operation  may  be  oonducted 
m  either  of  two  ways,  known  respectively  as  "  overhead  "and  "  under- 
hand." 

Overhead  stopine  aims  at  removing  a  block  of  ground  by  oom- 
mencine  at  one  of  we  lower  comers.  Ihiring  the  progress  of  the 
vrork,  the  solid  ground,  as  seen  from  the  stopes,  resembles  a  series  of 
Btain»8e  steps.  It  is  by  far  the  more  generally  adopted  system,  and 
is  started  from  a  raise  which  was  previously  made  to  the  level  above 
to  obtain  a  current  of  air. 

In  this  ^stem,  the  "  deads  "  or  waste  is  piled  back  as  the  stopes 
progress.  When  the  ore  has  been  extracted,  the  block  of  lode  is  thus 
replaced  by  a  block  of  waste  occupying  entirely  or  in  part  the  same 
space.  ^  Mills  "  or  '*  shutes  "  are  carried  up  as  stoping  advances,  and 
shoot  the  ore  to  the  level  below,  where  it  is  drawn  into  the  cars. 
Sometimes  the  shutes  are  lined  on  the  sides  and  bottom  with  lumber ; 
sometimes  only  on  the  bottom  with  lumber,  while  the  sides  are  lined 
with  small  poles  or  with  piled  up  rock. 

As  from  12  to  15  ft.  is  about  the  extreme  distance  to  which  a  man 
can  shovel  the  material  broken  in  the  vein,  in  order  to  avoid  the 
XDore  expensive  method  of  using  wheelbarrows,  the  shutes  must  oome 
within  about  30  feet.  Where  the  vein  is  wide  (40  ft.  or  more  for 
instance)  the  shutes  are  carried  near  the  middle  of  the  stopes.  In 
Teins  of  greater  width  than  40  to  50  ft.  there  is  usually  one  shute 
near  the  hanging  and  another  near  the  foot  wall  of  the  stopes. 

Where  the  material  to  be  shovelled  is  very  heavy,  as  in  lead  mines, 
the  shutes  are  kept  verv  close.  An  angle  of  45°  is  necessary  to  have 
Ae  ore  carried  down  the  shutes  by  gravitation.  Where  the  shutes 
are  flatter,  owing  to  the  flat  character  of  the  vein,  more  or  less 
fihoTelling  is  necessary.  In  some  flat  veins  this  is  an  item  of  consider- 
ahle  expense.  Where  the  shutes  are  flat,  a  chain  fastened  at  the 
upper  end  may  be  used  to  start  the  ore.  On  the  other  hand,  where 
the  yein  is  very  steep,  "  set-offs  "  are  required  to  prevent  undue  wear 
and  tear  of  the  shute  in  case  the  levels  are  very  far  apart. 

An  example  of  overhead  mining  on  a  vein  which  does  not  exceed 
2  fathoms  thick  is  shown  in  Fig.  26.  The  main  adit  or  level  a  6  is 
first  driven,  and  from  this  at  intervals  the  winzes  or  shafts  are  made 
*p«ar(2f  as  at  c,  and  from  these  again  other  levels  d  are  driven. 
Similar  operations  are  extended  downwards  as  at  e  /  ^,  the  bottom  of 
the  shaft  e  forming  a  ''  sumpf "  or  sump  at  A,  into  which  the  mine 
water  will  drain  and  from  which  it  must  be  pumped. 

The  process  of  excavating  one  of  the  square  masses  t  of  ore  is 
hettor  seen  in  Fig.  27,  where  a  6  is  the  adit ;  c  d,  shafts  or  mills  or 
fihutes;  «,  timbering  which  forms  the  roof  of  the  adit,  and  at  the 
same  time  the  floor  of  the  chamber  being  excavated ;  /,  a  heap  of  ore 
hroken  down  from  overhead  ready  for  running  out  of  the  adit ;  ^,  that 
portion  of  the  mineral  which  has  no  value — the  "  deads," — and  which 
^^^cumnlates  under  the  feet  of  the  miners  as  their  work  progresses ; 

a  2 
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A,  a  substantial  wall  forming  one  side  of  the  shaft  or  shute  c,  some- 
times built  of  the  larger  pieces  of  rock  broken  down  from  t,  but  more 
often  timbered  ; »,  the  unworked  portion  of  the  vein ;  k,  space  in  which 
the  miners  wield  their  tools. 

The  advantages  of  this  system  are  that  less  timber  is  needed,  and 
the  ore  is  more  easily  brought  to  bank.  Its  disadvantages  are  that 
the  miner  has  to  reach  upward  to  his  work,  and  that  some  ore  must 
necessarily  get  mixed  with  the  waste  g  and  be  lost. 

Underhand  stoping  consists  in  beginning  the  removal  of  the  block 
of  ground  at  one  of  its  upper  comers.  In  this  method  the  waste  is 
piled  on  stages  or  "  stulls,"  one  of  which  is  generally  required  for 
every  stope.  The  workings  resemble  steps  of  stairs  seen  from  above, 
and  the  stulls  on  which  the  waste  is  stored  look  like  a  staircase  seen 
from  below,  the  arrangement  being  just  the  reverse  in  appearance  of 
overhead  stoping. 


Figs.  26,  27.-— Ovkrhbad  Minino. 

Overhead  stoping  is  started  from  a  raise,  while  underhand  stoping 
is  started  from  a  winze.  From  the  raise  or  winze,  as  the  case  may  be, 
the  stopes  extend  in  both  directions,  forming  two  wings,  which  re- 
semble an  inverted  fan  in  the  case  of  overhead  and  a  fan  in  ordinary 
position  in  case  of  underhand  stoping. 

In  underhand  stoping  more  timber  is  used  than  in  overhead 
stoping.  In  overhead  stoping  one  line  of  stulls  is  necessary  just 
above  the  roof  of  the  level,  whereas  each  stope,  which  represents  a 
height  of  6  to  8  ft.  in  underhand  stoping,  requires  a  line  of  stulls. 
The  expense  of  timber  for  underhand  stoping  increases  greatly  with 
width  of  the  vein  and  with  the  lack  of  solidity  of  the  walls.  Conse- 
quently, this  method  is  of  economical  application  only  in  narrow  veins, 
say,  as  a  rule,  2  to  4  ft.  wide,  though  for  short  depths  where  the  walls 
and  vein  are  solid,  greater  widths  may  be  worked. 

On  the  contrary,  overhead  stoping  may  be  worked  sometimes 
30  ft.  or  more  in  width,  depending  upon  the  character  of  the  ground. 
Also,  overhead  stoping  possesses  facilities  for  breaking  down  the 
stuff,  for  stowing  away  the  waste,  and  convej^ng  the  air  to  the  levels. 
It  is  also  much  safer  than  underhand  stoping,  where  the  walls  are 
bad,  but  not  so  safe  where  there  is  much  loosened  ground  in  the  vein. 
Underhand  stoping  is  sometimes  preferably  adopted  where  the  ore  is 
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rery  friable  and  very  rich,  because  there  is  less  loss  of  rich  pieces  in 
)r^king  the  ore,  as  the  broken  ore  falls  on  solid  ground  in  this 
aethod,  while  it  falls  upon  waste  in  the  method  of  overhead  stoping, 
ind  may  get  lost.  But  this  loss  may,  to  a  great  extent,  be  obviated 
)y  laying  boards  near  the  face  to  be  blasted. 

An  example  of  underhand  mining  when  the  vein  does  not  exceed 
I  £Bithoms  thick  is  shown  in  Fig.  28.  From  the  main  adit  a  6  a  shaft 
t  is  sunk  on  the  vein.     Then,  commencing  at  d,  miners  standing  on 

he  ore  in  the  vein  excavate  it  in  a  ^ . 

eries  of  steps  d  ef  g^  the  ore  having     n  C-Cf"^*^'*'-*^-f*'g**°=^  r~ 

0  be  raised  by  windlass  or  other  con-  E>Vi5>>^  .  ,— a — I 

livance  through    openings  in   the 

loor  timbers  of  the  adit  a  6,  whilst 

.he  waste  or  deads  is  thrown  back 

m  strong    timber    shelves  h  built 

igainst  the  wall  of  the  shaft  c.  Pio.  28.— Undkbhand  Mining. 

The  advantages  of  this  syst^em 
ire,  that  the  miner  has  easier  access  to  the  ore  and  can  apply  more 
power,  while  the  loss  of  ore  is  less.    The  disadvantages  are  extra  cost 
for  timbering  and  for  transporting  ore  to  bank,  and  increasing  diffi- 
cnlties  in  ventilation  and  removal  of  water. 

With  very  thick  veins,   e.  g.  those  over  2  fathoms  thick,  it   is 
necessary  to  modify  either  of  ^e  systems  described,  so  as  to  deal 
irith  the  width  of  the  vein  in  successive  sections.     This  is  illustrated 
in  Pigs.  29,  30.  A  main  gangway  a  is  first  driven 
along  either  wall  6  c  of  the  vein  r,  and  substan- 
tially timbered.    From  it  a  series  of  breasts  or 
cross-cuts  d  efg  h  %   are  driven  at  right  angles 
through  the  vein  till  they  rpach  the  opposite  wall 
c   These  breasts  are  1  fathom  high  and  1  to  2 
£ithoms  wide,  and  are  so  worked  as  tuways  to  have 


FiQS.  29,  30.— Obosswobk  on  TmoK  Veins. 

finn  ground  on  both  sides  of  them,  either  solid  ore  as  at  klmn,  or 
^^aste  stowed  back  in  a  former  breast  as  at  d.  As  one  level  is  worked 
out,  new  gangways,  as  at  0,  are  driven  overhead,  and  the  cross-cutting 
is  repeat^,  with  timbering  p  where  necessary,  and  always  providing 
that  no  two  breasts  in  the  same  vertical  line  shall  be  worked  simul- 
taneously. 

Where  the  width  and  character  of  the  ground  to  be  s toped  render 
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the  employment  of  either  overhead  or  trnderhand  stoping  impracti- 
cable, recourse  is  had  to  the  system  known  as  *' square  sets"  or 
"Nevada  timbering,"  which  has  grown  out  of  the  oonditions  en- 
countered in  working  the  enormous  bodies  of  silver  ore  in  Australia 
and  America.  An  illustration  of  this  system  is  given  in  Figs. 
31  and  32.  Sawn  timber  is  used  throughout.  The  uprights  and 
cross-pieces  are  10  in.  by  10  in.,  and  stand  4  ft.  6  in.  apart  cdong  the 
course  of  the  drive ;  the  cross-pieces  are  6  ft.  long,  and  the  height  of 
the  main  drive  and  sill  floor  sets  is  7  ft.  2  in.  clear.  In  blocking  out 
the  stopes,  the  uprights  are  6  ft.  2  in.,  just  1  ft.  shorter  than  those 
in  the  main  drives.  The  caps  and  struts  are  of  the  same  dimensions 
and  timber  as  the  sill  floor.     The  planks  used  as  staging  are  9  in.  by 
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Figs.  31,  82.— Square  Sets  ob  Nbyada  Timbebino. 

2i  in. ;  they  are  moved  from  place  to  place  as  required,  and  upon  them 
the  men  stand  when  working  in  the  stopes  and  in  the  faces.  A  stope 
resembles  a  huge  chamber  fitted  with  scafiblding  from  floor  to  ceiling. 
The  atmosphere  is  cool  and  pure,  and  there  is  no  dust.  Stage  is  added 
to  stage,  according  as  the  stoping  requires  it,  and  ladders  lead  from 
one  floor  to  another.  The  accessibility  of  the  face  is  a  great  advan- 
tage. If,  whilst  driving,  a  patch  of  low-grade  ore  is  met  with,  it 
can  be  enriched  by  taking  a  higher  class  from  another  face,  and  so 
on ;  any  grade  can  be  produced  by  means  of  this  power  of  selection. 

Opinions  have  been  expressed  that  this  system  of  timbering  is  not 
secure,  and  that  pressure  from  above  would  bring  the  whole  structure 
down  in  ruins.    But  if  signs  of  weakening  become  apparent  in  the 


Digitized  by 


Google 


MINING  AND    WINNING.  87 

timben,  the  remedy  is  very  simple.  Four  or  more  of  the  uprights 
are  lined  with  planlks,  and  waste  material  is  shot  in  from  above,  and 
thereby  a  solid  support  is  at  once  formed ;  or  if  signs  of  crushing  are 
notioed,  it  is  possible  to  go  into  the  stope,  break  down  ore,  and  at 
onoe  relieve  the  weight.  The  cost  is  said  to  be  30  per  cent,  less  than 
in  the  usual  system,  the  ventilation  is  not  impeded,  and  much  timber 
is  saved  under  ordinary  conditions. 

A  prominent  example  of  the  adoption  of  the  square  set  system  is 
the  well-known  Broken  Hill  mine,  in  Australia,  where  the  ore-bodies 


Fia.  33.— TiMBEBiNo  AT  Bboksn  Hilu 

range  from  15  ft  to  316  ft.  wide,  and  average  about  105  ft.  In  the 
early  days  of  this  mine,  before  the  great  width  and  friable  character 
of  the  lode  had  manifested  themselves,  the  ordinary  method  of  stoping 
was  adopted,  but  in  1887  the  square  set  system  foroed  itself  upon  the 
management.  Figs.  33,  34  represent  the  system.  Where  the  pressure 
is  light,  single  timbering  suffices ;  but  under  heavy  pressures,  false 
or  double  sets,  with  diagonal  struts,  are  neoessary,  and  in  extreme 
cases  solid  timber  bulkheads  have  been  built  The  timber  preferred 
is  Ore^  pine  from  Puget  Sound. 

It  IS  not  to  be  expected,  however,  that  timbering  carried  out  on 
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the  square  set  or  any  other  system,  however  well  designed  and 
executed,  can  of  itself  always  withstand  the  pressures  arising  from 
the  excavation  of  such  enormous  ore-bodies ;  and  filling  the  stopes  at 
certain  points  from  the  hanging-  to  the  foot- wall  with  hard  dry  mate- 
rial, such  as  slag  or  waste  rock,  must  sooner  or  later  be  undertaken, 
to  prevent  the  spread  of  fire,  as  well  as  the  collapse  of  timbers  due 
directly  to  excessive  pressure. 

The  opinions  of  mining  experts  differ  as  to  the  advisability  of 
commencing  the  removal  of  ore  from  the  foot-wall  or  hanging- wall 
side ;  but,  as  a  question  of  mining  and  engineering  combined,  Jamieson 
and  Howell,  in  a  paper  read  before  the  Institution  of  Civil  Engineers, 
have  no  hesitation  in  saying  that,  in  a  lode  of  the  character  and 
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Fio.  34.— TniBERiNa  at  Bboken  Hoj*. 

dimensions  of  that  at  Broken  Hill,  the  correct  method  of  opening  up 
the  lode  and  sustaining  the  hangpig-wall,  is  to  commence  at  the 
hanging-wall  side  and  carry  the  timbers  up  to  it— always  keeping 
the  base  of  the  timber  sets,  in  cross  section,  so  far  advanced  towards 
the  foot-wall  that  the  line  of  timbers  on  working  faces  may  form  a 
right-angle  with  the  hanging-wall  until  the  foot-wall  be  reached. 
At  stated  points  stopes  can  be  carried  ahead  of  the  main  longitudinal 
stopes  across  the  lode  from  the  hanging-  to  the  foot-wall,  so  that  the 
requisite  number  of  different  ore-faces  may  be  exposed.  In  any  case, 
the  space  from  which  ore  has  been  removed  should  be  filled  with  hard 
dry  material  as  soon  as  possible.  Experience,  and  very  costly  ex- 
perience, has  clearly  demonstrated  that  if  a  systematic  opening  of 
such  large  and  continuous  ore-bodies  be  not  carried  out,  serious  and 
dangerous  settlement  takes  place  in  them,  and,  in  some  cases,  great 
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of  ooimtry  rock  become  detaohed  from  the  surrounding  rock 
OD  the  hanging-wall  side,  and  press  with  enormous  force  on  the  ore 
and  timbers  underneath.  In  one  case,  a  mass  of  country  rock,  esti- 
mated to  weigh  about  300,000  tons,  broke  loose  from  the  hanging- 
wall  side,  owing  to  the  shrinkage  of  the  timbers  and  the  friable  ore 
andemeath.  In  this  instance,  proper  attention  had  not  been  paid  to 
securing  the  hanging-wall,  and  the  ore  had  been  taken  out  chiefly 
from  the  centre  and  the  foot-wall  side  of  the  lode,  leaving  a  large 
mass  of  friable  and  easily  compressed  ore  between  the  timbers  and 
the  hanging-wall.  The  quantity  of  timber  required  in  the  framework 
of  one  complete  set  amounts  to  638*4  super,  ft.  for  sill-floor  sets,  and 
405*7  super,  ft.  for  stope-sets ;  the  average  total  quantity  of  timber 
of  all  sizes,  including  decking,  shoring,  lathing,  false  sets,  &c.,  re- 
quired per  ton  of  ore  removed  being  about  40  super,  ft.  (i.  e.  12  in. 
by  1  in.)  per  ton  of  ore. 

The  cost  of  mining  at  Broken  Hill  by  day  wages  (including  dead 
work,  trucking,  and  raising  the  ore  to  the  siurface),  per  ton  of  ore,  is 
as  follows : — 

£    «.     d. 

Wages 0  17    2 

Timber 0    6  10 

Fnel  and  stores 0    2  10 

BepaiiB  and  Bondries 0    0  11 

Management 0    0    6 

Total      18    8 

Though  the  most  experienced  and  skilful  men  have  been  employed 
to  superintend  the  underground  operations,  it  has  been  clearly  demon- 
strated that  timbering  alone  is,  except  in  certain  places  and  under 
certain  conditions,  quite  insufficient  to  support  the  enormous  masses 
of  ore  and  the  superimposed  hanging-wall.  Even  the  use  of  solid 
bulkheads  of  timber  of  large  scantling  has  been  practically  valueless ; 
for,  although  filling  the  stopes  with  solid  timber  has,  in  certain  cases, 
prevented  utter  coUapse,  it  has  been  so  costly  and  so  blocked  up  the 
workings,  that  the  extraction  of  ore  at  the  back  of  the  bulkheads  has 
been  rendered  almost  impossible,  and  other  means  have  had  to  be 
derised  to  open  portions  of  the  mine.  If  the  mine  had  been  opened 
under  the  hanging-wall  first,  and  the  space  from  which  ore  was 
removed  had  been  filled  with  rock,  probably  little  danger  would  have 
resulted ;  but  when  this  style  of  timbering  was  introduced,  the  full 
extent  and  character  of  the  ore-bodies  had  not  been  accurately  deter- 
mined, and  sometimes  ore  of  a  certain  quality  had  to  be  obtained 
irreepective  of  systematic  mining,  in  order  to  ehable  the  output  to 
be  maintained.  Not  only  to  relieve  the  pressure  on  the  timbers,  but 
also  to  obtain  certain  qualities  of  ore  more  cheaply,  the  removal  of 
the  cap  of  the  lode  and  quarrying  from  the  surface  has  been  com- 
tnenceo.  The  depth  tQ  which  tms  open-cut  work  will  be  carried 
depends  upon  circumstances  that  may  arise  as  the  work  proceeds ;  but, 
90  long  as  it  is  cheaper  and  safe,  this  work  will  be  carried  out.  The 
banging-wall  will  need  to  be  cut  away  simultaneously  with  the 
quarryixMP  of  the  ore,  and  it  is  estimated  that  the  quarry  will  thus 
reqidie  the  removal  of  between  2j^  and  3  cub.  yd.  of  rock  for  each 
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ton  of  ore,  down  to  depths  between  60  and  100  ft.  from  the  sor&oe. 
A  large  quantity  of  timber  will  also  be  recovered,  which  will  go  to 
defray  the  cost  of  this  work. 

In  order  to  maintain  the  hanging-wall  below  the  level  of  this 
open-cut  work,  strong  and  well-designed  walls  of  waste  rock  will 
have  to  be  built  from  the  foot-wall  to  the  hanging-wall.  This  will 
cost  little,  and  will  practically  amount  to  replacing  rock  which  under 
any  circumstances  would  have  had  to  be  removed. 

Excellent  examples  of  the  contingencies  arising  in  the  course  of 
long-continued  mining  operations  are  afforded  by  the  East  and  West 
Vulcan  mines  of  the  Penn  Iron  Mining  Company,  Michigan,  The 
ore  occurs  here  in  immense  bodies,  lying  between  hard  jasper-slates 
and  soft  clay-slates;  it  is  soft  hsBmatite,  and  varies  in  thickness 
from  a  few  inches  to  over  100  fb.  The  earliest  mining  methods  were 
of  the  crudest  sort,  but  the  gradual  increase  of  depth  and  multiplication 
of  difficulties  have  compelled  successive  improvements. 

The  first  was  the  introduction  of  the  square-set  system  of 
timbering,  which,  as  already  described,  consists  in  filing  the  space 
exhausted  in  the  ore-body  with  a  series  of  frame  cubes.  These  cubes 
are  constructed  with  white  pine  timber  of  excellent  quality,  12  to 
15  in.  sq.,  framed  into  squares  of  7  ft.  from  centre  to  centre.  There 
is  great  value  in  this  system  of  timbering  as  related  to  strength, 
facility  in  erecting,  and  its  adaptability  to  all  thicknesses  of  ore- 
deposits  or  variations  in  hanging-  or  foot-walls.  When  the  walls  are 
tolerably  firm  and  not  easily  softened  by  exposure  to  the  moist 
atmosphere  of  the  mine,  it  possesses  great  strength ;  but  where  the 
hanging-wall  is  of  soft  clay-slates,  softening  rapidly  on  exposure,  this 
svstem  with  its  large  timbers  affords  only  temporary  support.  When 
tne  crush  begins,  the  upright  posts  lose  their  vertical  position,  and 
many  of  the  timbers  are  reduced  to  splinters.  Collars  and  cross- 
braces  are  sometimes  used  to  arrest  a  squeeze;  but  a  brief  respite 
only  is  secured  in  this  way.  The  flexure  of  a  soft  hanging^waU 
indicates  the  early  crushing  of  timbers  in  the  exhausted  portion  of 
the  leveL  It  becomes  then  a  struggle  on  the  part  of  the  miner  to 
remove  as  much  as  possible  of  the  ore  out  of  the  creeping  levels  before 
the  final  crush  comes  to  close  out  all  mining  operations.  It  has  thus 
been  found  that  for  certain  qualities  of  mine-walls  this  elaborate 
system  of  timbering  fulfils  its  ofiice  satisfactorily,  but  that  under  a 
softening  hanging-  or  foot-wall  it  is  not  reliable  for  a  sufficient  time 
to  afford  opportunity  for  exhaustive  mining  in  each  level,  or  to  pro- 
tect ways  to  the  adjoining  leveL  The  depth  to  which  it  can  be  safely 
carried  depends  on  the  f^mness  of  the  hanging-  and  foot-walls  more 
than  on  the  increased  pressure  from  depth,  although  the  latter  is  also 
an  important  factor. 

The  adoption  of  the  method  known  as  "  rock-filling "  was  ochd- 
pelled  by  the  conditions,  already  described,  in  the  West  Vulcan  mine. 
At  the  eighth  level  the  ore  is  600  ft.  long  and  the  average  thickness 
about  25  ft.  The  shaft  is  665  ft.  deep  to  the  ninth  leveL  The 
timbering,  mainly  after  the  Nevada  system,  has  been  carried  to  the 
eighth  level.    Bock-filling  is  now  being  used  in  the  ninth  level. 

Figs.  35-37  show  the  method  of  this  filling.     From  the  main 
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shaft  a  a  drift  cuts  the  ore-body  h  and  25  fb.  into  the  foot-wall  c  of 
firm  jasper-alates.  From  this  point  d  a  rook-tnnnel  e  is  driven  in  the 
foot-wall  c  east  to  shaft  /.  Along  this  rook- 
tunnel  e  ports  g  are  made  at  intervals  of 
about  100  ft.  into  the  ore-body  6.  From  these 
ports  the  mining  of  the  ore  begins  on  the 
bottom  of  the  ninth  level. 

The  first  cut  of  the  ore  is  mined  about 

8  to  10  ft.  high,  and  the  spaces  from  which 

the  ore  has  been  removed  are  filled  with 

rock.     This  rock-filling  ib  follows  the  mining 

^'^^'^^J^^  and  affords  absolute  safety  and  inflexible  sup- 

^'  port  to  the  walls  of  the  mine.     The  broken 


^ 
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rock  for  filling  is  conveyed  down  the  winzes  ^,  and  the  ore  through 
the  shutes  t,  which  are  built  up  as  fast  as  the  filling  is  made 
upwards. 

It  will  thus  be. seen  that  the  tunnel  e  in  the  foot-wall  secares 
complete  safety  to  the  main  ways  of  each  level ;  it  is  out  of  the  crush 
range  in  any  event.  The  winzes  li  are  also  ventilators,  and  greatly 
improve  the  sanitary  conditions  of  the  mine. 

The  ore-body  6  is  under  this  system  attacked  by  the  miners  on 
double  face  at  each  port  gf,  from  the  main  rock  level  or  tunnel  e  in 
the  foot-wall.  The  mining  by  sections  upwards  is  simply  a  repetition 
of  the  first  8-10  ft.,  the  rock  filling  following  the  mining  work  and 
occupying  the  spaces  from  which  the  ore  has  been  removed  as  rapidly 
as  room  for  the  mining  operations  will  permit.  Some  timbering  will 
be  required  occasionally  in  this  rook-filling,  especially  in  sustaining 
the  filling  in  upper  levels,  as  it  is  approached  from  below,  in  removing 
the  last  cut  of  ore. 

This  rock-filling  system  has  not  been  adopted  on  the  score  of 
economy  over  the  Nevada  system  of  timbering,  but  has  been  com- 

Selled  by  the  necessities  of  the  case.  Sufficient  work  has  not  been 
one  to  afford  a  reliable  statement  of  the  relative  cost  of  the  two 
systems.  Nor  would  such  a  statement  at  any  time  form  a  permanent 
l^u9is  of  comparison,  because  the  forests  of  this  region  are  being  ex- 
hausted, with  consequent  effects  on  the  market  prices  of  timber,  while 
the  cost  of  breaking  up  and  shooting  waste  rock  into  the  mine 
fluctuates  but  little.  The  price  paid  for  timber  and  timbering  at 
West  Vulcan  was  1«.  7  Jd.  per  ton  of  ore  mined.  The  cost  of  rock- 
•  filling,  with  attendant  consumption  of  timber  per  ton  of  ore  mined, 
was  7d.  a  ton  for  rock-fiUine  and  34.  a  ton  for  timber  used  therewith. 
It  may  be  pointed  out  that  me  rock-filling  affords  a  permanent  supx>ort, 
which  is  not  liable  to  decay  as  is  the  timbering  system,  and  will  not 
require  renewals  during  the  progress  of  the  mine-workings. 

There  are  other  important  factors  in  connection  with  the  general 
application  of  this  system  of  rock-filling,  e.  g.  the  location  of  the 
shafts  or  slopes  to  the  mines.  The  first  planning  of  these  slopes  or 
skip-ways  placed  them  in  the  ore-body,  requiring  large  pillars  of  or© 
for  their  maintenance.  Where  the  ore  is  of  moderate  thickness 
(12-15  ft.)  this  method  is  not  so  open  to  criticism;  but  when  the  ore- 
body  is  20-100  ft.  thick  and  rather  soft,  it  has  serious  drawbacks  in 
the  great  pillars  of  ore  which  must  be  set  apart  for  this  purpose,  and 
in  their  tendency  to  crumble,  especially  in  the  event  of  a  creep  or 
crush,  which  follows  in  a  greater  or  less  degree  in  exhaustive  mining. 
The  use  of  skip-ways  in  the  foot-walls,  or  t£e  sinking  of  shafts  in  the 
hanging-walb,  are  matters  of  the  greatest  importance  in  assuring  safe 
and  economical  mining.  It  has  been  shown  that  slopes  or  skip-ways 
in  the  ore-body  are  open  to  serious  objections  in  large  deposits  of  ore. 
It  is  quite  possible  to  sink  the  slopes  or  skip-ways  in  the  foot-waU, 
especially  when  this  is  firm.  They  could  be  driven  in  the  foot-wall, 
and  a  sufficient  distance  under  the  plane  of  the  ore,  say  10-20  fU,  «o 
as  to  assure  a  permanent  rock  tunnel  under  all  conditions  of  creep  or 
crush.  This  will  have  some  exceptions,  as  where  the  ore-bodv  is 
much  flexed  and  pitching ;  but  there  are  many  deposits  where  a  slope 
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or  skip- way  could  be  driven  in  the  foot- wall  of  an  ore-deposit,  and  be 
readilj  made  to  eon  form  to  the  flexures  met,  in  ordinary  cases,  in 
these  foot-walls.  This  would  be  costly  at  first,  but  it  would  ultimately 
lie  fonnd  to  assure  great  safety,  and  permit  exhaustive  mining,  since 
no  pillars  would  be  required  for  its  protection. 

West  Vulcan  mine  exhibits  an  example  of  approaches  by  slope  or 
skip-ways,  partly  in  foot-wall  slates,  and  a  vertical  shaft  in  the  soft 
slates  of  the  hanging-wall.  The  location  of  the  main  shaft  in  the 
L&Dging-wall  was  the  result  of  several  conditions  bearing  on  the 
ultimate  economy  of  mining  its  ore.  It  is  near  the  siding  of  the  rail- 
road, a£bFding  a  ready  way  for  delivering  the  ore  into  railroad  cars, 
and  also  for  receiving  coal  by  the  same  way  for  the  boilers,  and 
timber  for  the  mine.  This  location  also  reduced  largely  the  height 
of  the  pumping  column,  and  the  shaft  was  sunk  in  soft  slates  rapidly 
and  cheaply.  Aside  from  these  special  conditions,  the  locating  of  a 
shaft  in  Uie  hanging-wall  cannot  be  commended,  as  there  is  generally 
some  shifting  in  the  hanging-wall  ground,  endangering  imaft  and 
machinery. 

It  has  been  a  matter  of  discussion  whether  the  usual  method  of 
Tiiining  by  beginning  operations  at  or  near  the  surface  and  working 
downwards,  is  the  best  plan.     It  is  true  that  it  afifords  a  ready  out- 
put of  ore,  and  a  quick  return  of  money ;  but,  unless  permanent  rock- 
ways  are  established,  it  involves  increasing  expenditure  in  the  down- 
ward workings.    It  is  submitted  by  Fulton  that  in  deposits  of  ore  of 
moderate  thickness,  a  slope  could  be  cut  in  the  ore  to  the  bottom  of 
the  deposit,  and  workings  commenced  there, 
entirely  exhausting  the  ore  in  the  progress 
of  the  working  upwards.     The  exhausted 
spaoee  below  would  afford  a  ready  place  for 
mining  refuse,  and  could,  if  necessary,  be 
supplemented  with  additional  rock-filling. 
Even  should    the   hanging-wall   swell   or 
buckle,  no  serious  injury  could  result,  as 
such  a  crush  would  be  arrested  at  each  leveL 

The  objections  to  the  rock-fiUing  system 
ire  the  amount  of  dead  work  entailed,  and 
the  inconveniences  and  destruction  of  tim- 
t^ring  owing  to  the  ground  sinking  un- 
jvenly  under  foot. 

The  system  of  mining  in  use  at  the  Iron 
Fifiver  mine,  Menominee  region,  is  extremely 
^ell  adapted  to  ores  hard  enough  to  stand 
>ver  the  width  of  the  vein.  A  section 
kcross  a  stope  (Fig.  38)  shows  the  method 

>i  work.    The  ore  a  is  taken  down  in  an    fio.  38.— Workikg  on  Hard 
overhead  stope  6  running  the  width  of  the  Vein. 

rein  firom  the  hanging-wall  c  to  the  foot- 

iv^ll  d  for  any  desirable  length,  and  for  a  height  of  say  12  ft.  A 
imber-drift  e  is  then  built  along  the  floor  of  the  stope,  and  the 
KftlMioe  /  of  the  stope  is  packed  with  waste  sent  down  from  the 
fxr&ce  through  winzes  previously  sunk  or  upraised  at  intervals  of 
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about  60  ft.  in  the  length  of  the  stope.  A  "  mill "  or  "  shnte  "  ^  is 
carried  up  every  50  ft.,  along  the  level  to  run  the  ore  down ;  it  is 
about  4  ft.  sq.  inside,  and  is  built  of  round,  rough  hardwood  sticks. 
The  spaces  between  the  sticks  when  they  do  not  fit  closely  are  filled 
with  pieces  of  plank,  and  the  inside  of  the  "  mill "  is  lined  with  hard- 
wood  planks  spiked  on  to  the  side  timbers.  These  planks  are  easily 
replaced  when  worn.  The  packing  is  levelled  over  as  close  to  the 
backs  of  the  stope  as  is  convenient  for  working,  and  is  planked  A  over, 
to  keep  the  ore  from  mixing  with  the  filling.  The  "  mill "  is  carried 
up  berore  the  filling  as  high  as  this  is  to  go ;  and  when  the  fiUine  is 
levelled  off,  a  few  large  sticks  are  laid  across  the  mill,  leaving 
intervals  large  enough  to  throw  the  ore  down,  but  so  narrow  as  to 
prevent  the  falling  in  of  a  man  or  a  block  of  ore  that  would  choke  up 
the  outlet  from  the  milL  This  method  is  extremely  satisfactory 
where  the  ore  is  strong  enough  to  stand  without  timbering  across 
the  vein.  It  requires  no  timber,  except  for  the  level  and  the  mills, 
and  a  few  planks,  while  permitting  the  extraction  of  nearly  all  the 
ore.  The  cost  of  filling  at  Iron  River  was  only  6  Jd.  a  ton  on  the  ore 
got  out,  but  on  the  average  this  figure  would  be  much  exceeded. 

For  working  in  large  soft  ore  bodies,  Bothwell  thinks  it  would  be 
found  in  every  way  advantageous  to  work  the  vein  out  from  the  top 
downwards.  He  would  drive  the  main  levels  a  in  the  vein  h  (Figs. 
39, 40),  and  most  conveniently  on  the  foot-wall  c,  d  being  the  hanging- 
wall.  As  the  ground  is  undisturbed,  it  should  be  feasible  to  keep 
open  a  level  the  width  of  an  8-ft.  set,  no  matter  how  soft  the  ore,  thus 
avoiding  much  dead  work.  At  suitable  intervals  the  vein  would  be 
cross-cut  e,  and  stoped  out  the  width  of  one  set,  up  from  one  level  to 
the  next  above.  However  soft  the  ore,  it  should  be  possible,  even 
with  rather  light  timber,  to  hold  a  stope  only  8-9  ft.  wide  running 
across  the  vein  in  the  solid  well-drained  ore.  This  will  take  the 
place  of  winzes  and  cross-drifts  at  much  less  cost,  and  will  serve  as  a 
pocket  or  shute  /  to  hold  the  ore,  which  can  be  drawn  thence  into  the 
cars  li  below ;  or  the  mill  or  shute  /,  through  which  the  ore  is  sent 
down,  can  be  built  say  %\  by  4  ft.  in  the  clear,  of  round  hardwood 
sticks  lined  with  hardwood  plank.  By  a  little  care  in  packing  round 
it,  this  can  probably  be  held  in  the  filing  ^  as  a  waste  mill,  through 
which  filling  may  be  sent  down  from  above ;  or  the  mill  can  be  cot 
in  the  foot-wall.  When  the  cross-stope  reaches  the  upper  worked-out 
ground,  longitudinal  stopes  t,  one  or  two  sets  in  height  and  one  set  in 
width,  are  driven  to  half  the  distance  between  the  cross-stopes, 
leaving  between  them  intervals  or  pillars  two  sets  wide  or  more  if 
the  ground  permits.  These  longitudinal  stopes  are  timbered  lightly, 
having  to  stand  but  a  very  short  time,  and  being  in  the  solid  undia- 
turbed  ore,  with  the  filling  from  above  resting  on  each  side  of  them 
on  solid  ore.  When  the  mid-distance  between  the  cross-stopes  is 
reached,  the  back-stoping  commences  by  taking  out  the  ore  on  each 
side  of  the  stope  t  to  the  width  of  a  set,  or  half  the  pillar  left  between 
the  longitudinal  stopes  t  supporting  tiie  "  gob "  roof  while  doing  so, 
and  laying  lagging  poles  or  slabs  across  the  floor  of  the  stope  as  the 
work  pro^eds.  Any  waste  rock  or  material  available  or  desirable 
may  be  thrown  back  in  the  packing,  and  when  a  space  the  area  of  one 
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or  two  sets  is  worked  out  on  eacli  side  of  the  last  sets  of  the  longi- 
tudinal stope  t,  the  temporary  timbering  is  drawn,  and  the  "  gob " 
roof^  with  the  lagging  previously  laid  under  it,  is  allowed  to  drop  on 
the  bottom  of  the  stope  lagged  to  receive  it.  Light  poles,  and  even 
brushwood,  will  serve  for  thus  keeping  the  ore  from  mixing  with  the 
wsuite.  It  will  probably  be  found  possible,  as  well  as  advantageous 
in  many  cases,  to  drive  these  longitudinal  stopes  t  two  sets  high,  and 
draw  back  the  upper  one  a  little  in  advance  of  the  lower,  and  as  they 
can  be  driven  out  at  any  point  in  the  cross-stope,  a  whole  horizontal 
slice  or  section  of  the  ore-body,  no  matter  what  its  thickness,  can  be 
opened  out,  say  two  sets  in  height,  at  the  same  time. 


Figs.  39, 40.— Wobkoyq  DOWirwABDe  ok  Soft  Orb-bodies. 

The  advantages  claimed  for  this  system  are :  (1)  that  all  the  work 
is  simply  stoping;  (2)  all  levels  and  stopes  that  have  to  be  timbered 
aie  in  solid,  undisturbed  ore,  and  being  only  one  "  set "  in  width,  are 
easily  held,  and  require  but  light  timber,  while  much  of  this  is  drawn 
and  saved  in  letting  the  roof  down ;  when  the  stope  comes  up  to  the 
filling,  this  has  only  to  be  supported  over  one  set  of  timber,  while  it 
rests  on  the  solid  ore  on  each  side ;  (3)  the  filling  follows  the  ore 
^wn,  and  as  long  as  this  occurs,  the  cave  on  the  surface  can  be  con- 
stantly filled  from  "  borrow  pits  "  much  cheaper  than  by  sending  the 
filling  below ;  (4)  it  is  possible  to  obtain  practically  all  the  ore  in  the 
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vein,  and  to  get  it  free  irofm  mixture  with  waste ;  (5)  oaves  or  cnii^ei 
are  impossible ;  (6)  more  ore  can  be  extracted  from  a  given  amonnj 
of  ground  in  a  given  time. 

Another  example  of  working  in  soft  ore-bodies  is  that  at  I^o-w 
Moor,  Virginia.    The  ore  is  generally  soft,  and  all  drifts  require  clc« 

timbering.  The  hanging-wall  c 
(Fig.  41)  is  a  band  of  brdcen  flini 
and  clay,  and  the  foot-wall  h  ij 
sandstone.  Main  levels  c  are  driven 
in  the  vein  alon^  its  strike,  60—80 
ft.  apart  vertically,  starting  fron 
the  surface  on  the  side  of  the  hiU 
or  from  a  hoisting  shaft  in  the 
valley. 

They  are  usually  on  the  flint 
wall,  wnether  it  be  the  foot  or  the 
hanging,  because  the  flint  is  a 
better  guide  in  following  the  vein. 
These  levels  are  driven  along  the 
vein  to  such  a  distance  from  the 
Pio.  41.— WoRKiNO  ON  Soft  Obb-  hoisting-shaft  as  may  be  required 
BODIES.  to  reach   all  the  ore  which    it  is 

intended  to  raise  through  that 
shaft — in  some  instances  over  half  a  mile.  While  the  main  levels  are 
being  driven,  thejpillar  between  two  levels  is  usually  left  untouched, 
except  by  up-raises  connecting  the  two  levels  every  400-600  ft.  for 
ventilation.  When  the  levels  are  completed,  the  portions  of  two  levels 
farthest  from  the  hoisting-shafts  are  connected  with  up-raises  d,  60-75 
ft.  apart,  two  or  three  up-raises  are  joined  by  air-drifts  «,  and  the 
ground  is  ready  for  stoping.  The  timber  in  the  air-drifts  is  re- 
covered ifi  stoping.  Tne  stopes  are  12-15  ft.  high,  each  pillar 
between  two  main  levels  making  4-6  stopes.  As  soon  as  a  stope  is 
worked  out  for  40-60  ft.  along  the  vein,  a  floor  is  laid,  consisting  of 
sills  covered  with  refuse  timber  or  slabs,  and  the  props  are  shot  dowiu 
The  waste  material  /  from  above  packs  solidly  upon  this  floor,  and  in 
a  short  time  the  next  lower  stope  can  be  worKed,  using  the  floor  pre- 
viously laid  as  a  roof  to  hold  the  waste  material  from  the  ore.  A 
stope  40-60  ft.  long,  measured  along  the  vein,  is  begun  in  the  drifts, 
by  first  mining  the  ore  g  above  the  drift-timbers  till  the  floor  of  the 
next  stope  above  is  reached,  and  setting  props.  The  face  of  the  ore 
for  the  length  of  the  stope  is  then  mined  back  to  the  opposite  wall, 
as  shown  at  ^.  The  ore  is  dumped  into  the  shutes  c2,  drawn  from 
them  into  cars  on  the  main  levels  c,  and  hauled  by  mules  to  the  sur- 
face or  to  the  hoisting-shaft* 

When  the  vein  is  12  ft.  or  less  in  thickness,  so  that  a  single 
prop  will  reach  from  wall  to  wall,  the  method  is  somewhat  modified. 
A  stope-drift  is  driven  a  short  distance  above  the  main  level,  parallel 
with  it,  and  connected  with  it  by  shutes  at  intervals  of  about  60  ft. 
The  ore  is  then  stoped  from  this  drift  to  the  next  upper  main  level, 
props  being  placed  from  wall  to  wall.  These  props  are  eventually 
shot  down,  and  the  waste  material  is  caught  by  a  horizontal  floor, 
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whioh  will  serve  as  a  roof  for  the  next  lower  stope,  as  before.  In 
this  way  the  timber  for  a  number  of  floors  is  saved,  but  the  modification 
is  (mly  of  advantage  when  the  vein  is  narrow  enough  to  permit  a 
single  prop  to  reach  from  wall  to  wall,  and  where,  moreover,  the  hang- 
ing waJl  is  fairly  good.  In  this  way  all  the  ore  is  mined,  no  filling  is 
required,  and  the  work  is  comparatively  safe.  In  some  instances,  means 
must  be  taken  to  exclude  snrfaoe  water  from  the  breaks  which  run  up 
to  daylight  when  the  country  rock  sinks  to  fill  cavities. 

The  term  "  stripping  "  is  applied  to  what  is  really  simple  quarry- 
ing adapted  to  the  exploitation  of  a  vein.  It  has  been  rendered  possible 
by  modem  improvements  in  mining  machinery  and  appliances,  which 
allow  of  much  more  complete  preliminary  determination  of  the  quality 
and  extent  of  underground  deposits,  and  much  less  costly  blasting 
operations.  The  advantages  of  stripping  are  that  the  work  is  con- 
ducted in  the  open  day,  and  that  there  is  less  risk  of  unremunerative 
dead  work  on  tbe  one  hand  and  of  overlooking  ore  on  the  other. 

At  the  Peters  mine,  Ringwood,  New  Jersey,  where  the  limit  of 
profitable  mining  by  the  old  method  has  been  reached,  it  is  intended 
to  remove  the  ore  floors  and  pillars  by  stripping.  While  the  vein 
stands  nearly  vertical,  the  ore  shoots  overlie  each  other  at  an  angle  of 
35^  and  some  10-30  ft.  apart.  It  is  proposed  to  take  advantage  of  this, 
and  pile  up  the  waste  on  the  end  wall  of  the  lowest  shoot  as  rapidly 
as  the  wall  is  uncovered  by  removal  of  ore.  This  back  filling  will 
make  the  mine  safer,  and  will  obviate  much  excavation  by  allowing 
the  slopes  to  be  considerably  steeper  than  if  the  pit  were  to  be  left 
open  permanently. 

At  the  Bertha  zinc  mines,  in  Virginia,  zinc  carbonates  are  found 
to  the  extent  of  about  8000  tons  per  acre,  underlying  some  80  ft.  of 
earth,  so  that  30  cub.  yd.  of  earth  have  to  be  removed  for  every  ton  of 
ore  mined,  and  this  is  done  profitably. 

In  the  case  of  the  Dannemora  mine,  Sweden,  stripping  has  been 
rocooasfuUy  carried  to  a  depth  of  about  500  ft.,  and  at  uie  Fahlun 
copper  mines  to  even  greater  depths. 

When  mining  was  first  begun  at  the  mines  of  the  Longdale  Iron 
Company,  Virginia,  the  outcrop  was  500  ft.  above  the  creek  level,  and 
the  deposit  was  for  manv  years  worked  entirely  by  open  cuts.  As 
time  went  on,  however,  the  excavation  was  carried  so  deep  (130  ft.) 
that  the  cover  grew  too  heavy,  and  it  became  necessary  to  obtain  the 
ore  by  underground  workings.  It  was  finally  decided  to  stope  the 
9re  from  the  top  down.  This  plan  was  adopted  in  1881,  and  has  been 
bllowed  ever  since  with  complete  success. 

The  method  of  attack  is  to  sink  a  test-shaft  upon  the  ore  to  the 
depth  at  which  it  is  desired  to  drive  an  adit. 

The  line  of  least  distance  from  the  surface  to  the  ore  at  the  level 
chosen  (tbe  length  of  which  line  is  obviously  largely  governed  by  the 
heightof  the  "lift"  tobe  secured)  is  then  determined,  and  the  adit 
is  driven  straight  in,  through  the  overlying  shale,  to  the  ore,  a 
distance  varying  from  300  to  1200  ft,  according  to  the  height  above 
the  creek  at  which  the  adit  is  driven.  The  highest  adit  was  driven 
directly  upon  the  ore  from  the  bottom  of  a  I'avine  which  cut  across  the 
▼ein. 
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On  reaching  the  ore^  the  adit  is  continued  by  galleries  in  both 
directions,  following  the  bends  of  the  vein.  These,  it  may  be 
remarked,  are  both  many  and  sharp.  Parallel  with  the  main  entry 
or  car-level,  an  air- way  is  driven  at  a  height  of  20  fb.  from  the  bottom 
of  the  main  entry  at  the  bottom  of  the  air- way.  As  the  main  entries 
are  6  ft.  high,  this  leaves  a  pillar  of  ore  14  ft.  thick  between  the  two 
levels.  At  intervals  of  about  120  ft.  on  the  car- level,  shutes  or  raises 
are  driven  up  through  this  pillar  to  the  air-way.  These  shutes  are 
supplied  with  spouts  and  gates  for  loading  the  mine  cars ;  20  ft 
beyond  each  shute,  in  the  direction  of  the  heculing,  a  second  passa^, 
called  the  man-way,  is  driven  up,  to  afford  means  of  ascent  for  the 
men  who  are  working  above. 

As  the  air-way  is  always  connected  with  the  test-shaft  above 
mentioned,  this  system  affords  very  perfect  means  of  ventilation. 
Of  course,  it  is  necessary  to  keep  most  of  the  bhutes  and  man-ways 
nearest  the  mouth  of  the  adit  closed  in  order  to  force  the  incoming 
air  to  the  headings.  From  the  air-way  the  shutes  and  man- ways  are 
driven  up  until  they  reach  the  surface  in  the  bottom  of  the  old  open- 
cut  workings.  This,  however,  is  not  all  done  at  once,  but  only  as 
needed  for  the  working  of  the  mine. 

At  every  10  ft.  of  vertical  height  above  the  air-way  a  lateral 
level  5  ft.  high  is  driven  off  along  the  ore,  thus  leaving  a  5  ft.  pillar 
under  each  drift. 

When  the  open-cut  workings,  mentioned  above,  were  about  to  be 
finally  abandoned,  a  grillage  of  small  poles  was  laid  down ;  this  formed 
a  floor  resting  upon  the  ore  in  the  bottom  of  the  cut. 

Outside  working  was  then  discontinued,  and  the  sides  were  suffered 
to  fall  in  upon  the  grillage,  after  which  the  mines  were  ready  for 
underground  working.     The  system  is  as  follows: — 

The  pillar  of  ore  over  the  highest  level,  or,  in  other  words,  the 
ore  left  in  the  bottom  of  the  old  cut,  is  first  attacked  and  tak^i 
out,  the  roof  being  supported  during  this  operation  by  heavy  propq 
set  up  a  short  distance  behind  the  working-face,  under  the  grUlage 
mentioned  above,  and  standing  upon  a  similar  grillage  plaoed  upon 
the  ore  under  foot.  Where  the  vein  is  horizontal,  or  nearly  so,  the 
lower  grillage  may  be  omitted,  the  roof  being  allowed  to  fall  directly 
upon  the  floor,  which,  in  such  cases,  is  the  fuot-walL  This  row  of  poets 
supports  the  roof  until  the  ore  has  been  taken  out  for  a  short  distance 
ahead  of  them,  when  a  second  series  is  set  up  in  similar  manner. 

It  is  customary  not  to  leave  the  roof  standing,  even  if  the  prop^ 
are  strong  enough  to  support  it  for  some  time,  but  to  cause  it  to  fal^ 
by  either  "  shooting  out  '  the  props  (i.  e.  breaking  them  down  b> 
means  of  dynamite)  or  by  drawing  them  out  if  they  can  b| 
saved. 

The  ore  that  comes  from  the  face  is  wheeled  to  the  nearest  shu 
into  which  it  is  dumped.  After  the  top  pillar  has  been  robbed  fois 
few  feet,  generally  10  to  20  ft.,  the  next  one  below  is  attacked  in  t 
same  way.  Every  level  in  the  mine  can  thus  be  worked  simultaneous] 
the  workings  resembling  a  series  of  10  ft.  steps. 

The  construction  of  a  cheap  floor  or  grillage  of  poles  is  repeati 
on  every  level  to  prevent  the  sliding  of  the  waste  from  old  oavl 
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slopes  above.  This  floor  is  of  oourse  removed  after  serving  its  tem- 
poranr  but  important  purpose. 

The  ore  dumped  into  the  shute  descends  by  gravity  to  the 
car-level,  unless  it  is  stopped  by  meeting  a  flat  place  or  "  bench  " 
in  the  vein  and  consequently  in  the  shute.  When  this  occurs, 
rehandling  becomes  necessary,  which  is  carried  out  in  the  manner 
best  suited  to  the  circumstances.  As  the  ore  finally  ai-rives  at  the 
car-level  it  is  drawn  into  mine  cars,  hauled  to  daylight,  and  dumped 
upon  a  horizontal  screen  of  round  iron  bars,  which  is  set  in  the  top 
of  the  ore-bin  beside  the  railroad.  The  fine  ore  falls  through  the 
screen  into  a  pocket,  while  the  lumps  remaining  upon  the  bars  are 
farther  broken  and  sorted  by  hand  and  thrown  into  an  adjoining 
pocket.  From  these  pockets  the  ore  is  drawn  into  cars  on  the 
railroad  leading  to  the  famaces,  the  lump  ore  being  taken  directly 
to  the  furnace  bins,  while  the  fine  is  conveyed  to  the  washer. 

In  the  case  of  flat  beds,  such  as  coal  and  ironstone,  a  totally 
different  method  is  adopted,  the  main  object  being  to  a£ford  support 
to  the  roof. 

The  ••  longwall "  method,  which  closely  resembles  the  overhead 
system  already  described,  is   applicable  to   nearly  horizontal  thin 


nr 


Figs.  42,  4.3. — Lonowall  Wobkiko. 

beds  which  furnish  sufficient  waste  for  filling.  The  main  tunnel  a. 
Figs.  42,  43,  is  built  high  enough  to  accommodate  the  trucks  for 
transporting  the  mineral  to  the  hoisting  shaft  &,  and  is  run  at  the 
lowest  part  of  the  bed,  so  as  to  form  a  natural  drainage  for  the  mine 
water.  From  it  drifts  are  run  into  the  mineral,  either  diagonally 
as  at  c,  or  transversely  as  at  d,  and  connected  by  parallel  levels  e. 
The  direction  of  the  drifts  is  governed  by  the  rate  of  dip  of  the 
bed,  the  object  being  to  secure  a  suitable  incline  for  the  trucks 
which  carry  out  the  mineral.  The  workings  are  connected  all  round 
by  cross-cuts  as  at/,  to  complete  the  circulation  of  air  for  ventilation. 

The  system  known  as  '*  pillar  and  st^iU  "  is  adopted  where  the  beds 
are  thicker,  and  do  not  afford  sufficient  waste  for  filling,  so  that  pillars 
of  mineral  have  to  be  left  standing  as  a  support  for  the  roof.  The 
main  tunnel  a,  Figs.  44,  45,  is  run  as  before  from  the  shaft  &,  and 
from  it  are  run  drifts  c  at  intervals,  and  crossing  these  again,  levels  d 
parallel  with  a,  and  occasionally  diagonal  drifts  e.  The  bed  is  thus 
divided  into  regular  blocks,  portions  of  which,  varying  in  size,  are 
left  to  form  the  pillars  that  support  the  roof,  these  being  finally  with- 
drawn as  far  as  safety  will  allow. 

In  seams  having  a  rate  of  dip  of  40-60"^  it  is  the  custom  to  drive 
the  stalls  square  off  from  the  gangway,  up  the ''  rise  "  of  the  seam,  and 
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have  tbe  coal  to  run  down  the  shute  into  the  tram  at  the  bottom  of 
it :  with  this  rate  of  dip  the  shute  does  not  require  planking  at  the 
side  or  bottom  to  make  the  ooal  mn,  and  by  keeping  the  shute  fall, 
except  3-4  ft.  working  room  at  the  breast,  there  is  very  little  coal 
lost  by  pulverising  in  its  descent  down  the  shute,  as  by  that  method 
it  descends  by  slow  settling  in  proportion  as  it  is  allowed  to  run  into 
the  trams  at  the  bottom. 
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Figs.  44,  45.— Pillar  and  Stall  Wobking. 

In  seams  of  30-40°  rate  of  dip  the  .miners  are  compelled  to  plank 
the  sides  of  the  shute  to  some  extent,  in  order  to  enable  the  coal  to 
slide  down  without  assistance.  In  seams  of  25-30°  the  coal  will  not 
descend  in  the  shute  unless  the  sides  are  partly  planked,  and  the  bottom 
covered  with  sheet  iron.  In  working  seams  having  a  dip  of  10**  or 
under,  the  stalls  are  driven  diagonally  to  the  direction  of  the  gangway, 
unless  the  rate  of  dip  is  less  than  4°. 

The  trams  or  mine  cars  used  in  Europe  are,  in  nearly  every 
case,  smaller  than  the  American ;  the  reason  for  making  them  so,  in 
most  cases,  is  to  reduce  the  enormous  first  cost  of  the  deep  shafts. 
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46. 

Fig.  47. 

Steep  Coal  Vein 

:  Bad  Roof. 

Steep  Coal  Vein:  Good  Koop. 

b>'  having  a  small  shaft  area,  thus  leaving  but  a  email  space  for  the 
mine  cars  or  cages  and  pump  way ;  the  small  mine  cars  also  suit  the 
large  number  of  boys  employed  in  European  mines. 

For  more  detailed  illustration  of  the  manners  of  working  coal  and 
similar  beds,  the  reader  is  refen-ed  to  the  following  figures  and 
descriptions : — 

In  Fig.  46  is  shown  a  very  steep  coal  vein.     The  coal 
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4  ft.  thick ;  the  roof  h  is  full  of  joints  and  very  treacherous,  necessi- 
tating the  use  of  many  timbers  d\  the  floor  c  is  hard  and  sound. 
The  waste  e  from  floor  and 
roof  is  allowed  to  fall  and 
aocamulate  under  the  feet  of 
the  miners,  and  by  it  the 
timbers  are  gradually  and 
saccessively  buried. 

Fig.  47  delineates  a  simi- 
larly steep  bed,  but  in  this 
case  the  roof  is  very  good, 
and  consequently  no  timber- 
ing is  necessary.  Both  roof 
6  and  fl«K>r  c,  however,  are 
lined  with  a  friable  rock  some 
inches  in  thickness,  which 
£&lls  with  the  coal  a,  and  is 
allowed  to  collect  as  at  e, 
fonoing  a  platform  for  the 
miners.  The  seam  is  worked 
in  sections,  which  are  sepa- 
rated by  stout  timbering  d. 

Fig.  48  illustrates  the 
mode  of  timbering  a  road- 
way. The  coal  seam  a  is  sur- 
mounted by  a  considerable 
thickness   of  weak  shale   e, 

which  does  not  long  survive       «      .«     m  «  ^ 

the  wmoval  of  the  subjacent       ^'''-  *8-T«bebing  Boai-wat  in  Coal. 

coal,  and  is  quite  distinct  from  the  firm  and  reliable  sandstone  roof  6. 
The  practice  is,  therefore,  to  let  this  shale  break  down  and  accumulate, 
as  at  /,  on  the  floor 
proper  c,  and  to  lay 
the  tramway  g  upon 
it  Falls  from  the 
upper  part  of  the 
66am  into  the  road- 
way are  prevented 
by  a  lining  of  posts 
and  slabs  d,  well 
secured  in  roof  and 
floor,  and  further 
strengthened  by 
cros^posts. 

Fig.  49  repre- 
sents a  seam  carry- 
ing three  separate 

quaUties  or  kinds  of  yv^,  49.-Seam  with  tbbbe  kinds  op  Coal. 

coal,  called  respec- 
tively «*  tops  "  o, "  middles"  6,  and  "  bottoms  "  c.     The  roof  d  and  floor 
e  are  both  very  sound  and  firm.     Owing  to  the  top  coal  being  very 
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strong,  it  is  possible  to  work  the  middles  and  bottoms  separately, 
leaving  the  tops  tor  a  distinot  operation.  The  tramway  /  is  laid  on 
waste,  and  at  ^  is  shown  a  staging  of  slab-posts,  on  which  the  coal 
is  collected,  and  from  which  the  loading  is  done  in  safety. 

A  few  examples  of  the  props  used  m  flat  veins  are  given  below. 
In  Fig.  50,  a  is  the  prop,  h  the  roof,  c  rock  overlying  the  coal,  d,  ooaL 


Fios.  50,  51,  52. — Examples  or  Pbops  ik  Flat  Ykins. 

In  Fig.  51,  the  coal  e  is  cut  away  in  advance,  a  prop  a  supporting 
the  bed  of  oil-shale  d,  and  a  further  prop  h  sustaining  the  sandstone 
roof  c,  the  props  resting  in  the  hard  floor/.  In  Fig.  52,  a  prop  with  a 
lid  c  holds  up  the  top  coal  e,  while  a  "  knee  joint "  or  "  cockermeg  "  <f 
temporarily  prevents  the  fall  of  coal  a,  while  it  is  being  worked  on 
from  below.     The  floor  h  is  Arm  and  resisting. 

Preserving  Mine  Timbers, — Experiments  made  at  the  Altenwald 
Colliery,  Saarbrlicken,  in  coating  mine  timber  with  lime,  coal  tar, 
wood  tar,  and  carbolineum,  proved  that  lime  was  the  worst  and  carbo- 
linenm  the  best  preventive  against  dry  rot.  The  cost  of  a  doable 
coating  of  carbolineum  to  a  prop  8^  ft.  long  and  10  in.  diam.  was  6(2. 
for  the  carbolineum  and  Ifd.  for  labour.  At  various  mines  in  Saxony 
not  only  are  the  supports  wetted  occasionally  to  prevent  dry  rot,  but 
the  wood  is  first  impregnated  with  a  solution  of  ferrous  sulphate 
before  being  put  into  use.  This  method  of  treatment  has  been 
adopted  for  some  time,  and  has  been  found  to  give  very  good  results. 
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When  the  mineral,  of  whatever  kind,  has  been  broken  down  in  the 
mine  ready  for  removal,  the  next  stop  is  to  load  it  into  receptacles  in 
which  it  can  be  hauled  along  the  levels  and  hoisted  up  the  shafts  at 
the  least  possible  expenditure  of  time,  labour,  and  wear  and  tear  of 
machinery. 

Wagan$, — The  ordinary  mineral  wagon  or  hutch  is  simply  a 
miniature  railway  truck  running  on  a  miniature  line  of  rails.  I'hese 
latter  are  generally  of  iron,  but  often  also  of  squared  timber  covered 
with  strap  iron,  and  sometimes  are  simply  small  round  poles  laid  end 
to  end.  The  wagons  are  of  numberless  kinds  :  some  entirely  of  wood, 
some  entirely  of  iron,  some  of  wood  and  iron  combined ;  some  have  no 
tipping  arrangement,  some  tip  sideways,  some  tip  endways,  some  tip 
in  any  desired  direction.  For  details  of  construction  and  illustrations 
of  many  forms,  the  reader  is  referred  to  the  author's  work  on  *  Mining 


Figs.  53,  54. — Automatic  Independent  Tippleb. 

and  Ore-dressing  Machinery.'  It  will  suffice  here  to  describe  an  in- 
genious arrangement  for  tipping  wagons  which  has  the  twofold 
advantage  of  being  quite  automatic,  and  of  providing  a  tipping  con- 
trivance independent  of  the  wagon,  by  which  means  the  'common 
ordinary  wagon  is  rendered  available,  avoiding  the  complicated  struc- 
ture, increased  cost,  and  serious  wear  and  tear  incidental  to  the 
specially  built  "  tippler."  The  arrangement  is  shown  in  Figs.  53,  64. 
The  wagon  a,  running  upon  4  wheels  6,  is  made  to  ascend  a  slight 
incline  just  before  tipping,  being  drawn  by  the  bow  /  attached  to  the 
ropey.  The  bow  is  also  rigidly  united  to  the  axles  of  the  hind  wheels, 
and  in  front  it  carries  the  door  t  of  the  wagon ;  k  is  the  railway  at 
the  top  of  the  incline,  and  |>  is  an  additional  outer  line  of  rails  laid  on 
a  steeper  grade.  When  the  wagon  in  its  upward  course  reaches  the 
point  ty  the  rails  p  pick  up  the  small  outer  wheels  c  on  the  hind  axle, 
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BO  that  the  hind  wheels  travel  up  the  steeper  grade  while  the  front 
wheels  follow  the  rails  i.  Consequently  the  wagon  is  tilted  forward, 
and  as  the  door  or  front  end  i  is  attach^  to  and  rises  with  the  bow  /, 
the  contents  of  the  wagon  are  shot  out.  A  stud  g  prevents  the  wagon 
being  drawn  too  far.  On  slackening  the  rope  /the  wagon  rights 
itself  and  descends  properlv,  the  door  t  automatically  dosing. 

Underground  Hauling. — ^The  loaded  wagons  have  to  be  hamed  either 
to  the  mouth  of  the  adit  or  to  the  bottom  of  the  shaft.  The  power  to 
perform  this  hauling  may  either  be  attached  to  and  move  with  the 
wagon,  e.g.  men,  horses,  engines;  or  it  may  be  derived  from  a 
distance,  as  in  rope  and  chain  haulage.  Whenever  possible,  the  road- 
ways are  made  with  a  slight  and  regular  gradient,  so  that  the  wagon 
shall  exert  its  own  gravity  in  traveling  loaded  to  its  destination,  and 
it  is  sometimes  p>ssible  to  make  the  loaded  wagons  running  downhill 
pull  the  empties  up  again,  which  is  manifestly  an  economy  of  power. 

In  such  a  self-acting  incline  the  road  must  be  more  or  less  uniform 
in  gradient,  for  if  steeper  in  some  parts  than  in  others  the  train  must 
be  run  over  the  steep  portion  with  great  velocity  in  order  that  it  ma}' 
acquire  sufficient  momentum  to  carry  it  through  the  flatter  poiiJon ; 
wlule  in  a  great  many  cases  it  is  impossible  to  work  an  incline  by 
trains  at  all  if  the  flat  portion  of  the  road  happens  to  be  at  the 
top  and  the  steep  portion  at  the  bottom,  as  a  start  cannot  be 
obtained. 

In  working  with  a  self-acting  endless  chain,  if  the  average  inclina- 
tion of  the  road  is  not  less  than  will  give  an  excess  of  power  in  the 
pull  side  sufficient  to  overcome  all  the  frictional  resititances  and  the 
weight  of  the  empty  side,  the  incline  will  work  no  matter  how  un- 
dulating it  is,  provided  the  average  inclination  is  calculated  from  the 
total  length  of  the  road,  and  not  from  the  horizontal  distance  on  the 
section.  The  surplus  power  on  a  steep  mine  may  be  utilibed  for  tho 
purpose  of  drawing  from  a  dook  or  level,  not  necessarily  in  the  same 
straight  line,  by  fitting  the  top  wheel  with  a  long  shaft  and  putting 
on  it  a  second  driving  wheel,  or  clip-pulley,  or  rope-drum  provided 
with  a  clutch.  In  the  same  way  water  may  be  pumped,  or  almost  any 
description  of  work  done,  if  the  power  be  sufficient. 

The  advantages  which  a  self-acting  endless  chain  poBsesses  ovetan 
ordinary  incline  may  be  summed  up  shortly  as  follow : — 

(1)  Small  cost  of  upkeep  of  rolling  stock,  owing  to  slow  speed 
causing  few  breakages.  When  a  wagon  goes  ofif  the  road  the  chain 
stops. 

(2)  Begularity  of  delivery.  The  wagons  arrive  at  their  destina- 
tion in  sucn  a  regular  manner  that  only  very  short  lyes  are  required, 
and  consequently  the  travel  of  the  bottomers  or  landers  is  diminished, 
and  their  labour  is  rendered  so  much  the  more  effidctive. 

(3)  When  the  output  exceeds  100  tons  a  day,  and  probably  before 
that,  it  can  be  worked  much  more  cheaply  than  an  ordinajy  self- 
acting  incline. 

(4)  Length  makes  no  difference  in  the  output  or  cost  farther  than 
the  increased  upkeep  of  the  road. 

(5)  Much  less  expenditure  is  required  in  making  benches,  as  no 
long  trains  require  to  be  collected  on  the  incline.  * 
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(6)  The  coet  for  chains  is  less  than  for  ropes,  as  a  good  chain  will 
last  12-18  jears. 

The  question  of  the  relative  economies  of  man  power,  horse  power, 
endless  ropes  or  chains,  electric  engines,  compressed  air,  &c.,  for 
eSbcting  hanlage,  is  very  largely  governed  by  local  conditions.  The 
enbject  is  dealt  with  at  length  in  the  author's  '  Miners'  Pocket  Book,' 
where  many  instances  of  actual  costs  under  various  circumstances 
are  given. 

EoUHng. — ^Hoisting,  during  the  early  stages  of  a  mine's  history,  is 
done  in  buckets  or  kibbles  of  various  forms  by  means  of  a  common 
windlass.  This  is  feasible,  up  to  a  depth  not  much  exceeding  150  ft., 
bevond  which  a  horse  whim  is  useful  up  to  about  300  ft.  As  the 
depth  increases,  hydraulic,  electric,  or  steam  power  is  called  into  re- 
quisition, usually  the  last  named. 


Fig.  55.— Gravity  Hoist. 

Where  the  contour  of  the  country  at  the  pit  mouth  is  suitable,  the 
arrangement  shown  in  Fig.  65  is  very  economical,  gravity  being  the 
force  employed.  The  drums  or  windlasses  of  the  apparatus  are  carried 
by  two  shafts  geared  together  at  their  inner  ends,  each  shaft  carrying 
two  drums,  one  of  which  is  larger  than  the  other.  On  the  smaller 
drums  are  wound  the  hoisting  ropes,  which  pass  over  pulleys  on  a 
shaft  on  a  suitably  construct^  frame,  and  are  connected  vidth  the 
buckets  travelling  in  the  shaft,  the  arrangement  being  such  that  when 
one  bucket  descends  the  other  rises,  and  vice  versd,  On^  the  larger 
drams  are  wound  cables  connected  with  cars  travelling  in  opposite 
directions  on  inclined  tracks,  the  cables  and  the  hoisting  ropes  being 
so  arranged  relatively  to  each  other  that  when  an  empty  car  ig  at  the 
upper  end  of  the  incline  a  filled  bucket  will  also  be  at  the  top  of  the 
shaft,  in  position  to  be  conveniently  emptied  into  the  car,  the  down- 
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ward  travel  of  eaob  filled  oar  along  tbe  inelined  road  exerting  a  pull 
on  one  of  the  ropes  on  the  large  cbnms  to  cause  a  filled  bucket  to  be 
raised,  while  at  the  same  time  an  empty  car  is  drawn  up  and  an  empty 
bucket  is  let  down.  A  brake-band  is  provided  for  each  shaft,  operated 
by  a  lever  conveniently  arranged,  and  that  the  two  shafts  may  be 
readily  disconnected,  for  lengthening  or  shortening  the  cables  or 
other  purposes,  their  inner  bearings  are  fitted  to  slide,  and  are  each 
connected  by  a  link  with  a  lever  pivoted  on  the  frame,  by  means  of 
which  the  bearings  may  be  moved  to  disengage  the  gear-wheels.  The 
construction  is  very  simple,  and  the  hoisting  work  is  all  the  time 
under  the  control  of  the  operator. 

In  the  case  of  rapid  hoisting,  a  direct-acting  hoisting  engine  is 
essential.  Various  forms  are  described  at  length  in  *  Mining  and 
Ore-dressing  Machinery.' 

The  Koepe  system  of  winding  consists  in  substituting  for  the 
ordinary  cylindrical  drum  a  grooved  pulley  round  which  the  rop 
makes  rather  more  than  half  a  turn,  and  thence  passes  over  the  pit- 
head pulleys  and  down  the  two  divisions  of  the  shaft.  The  balance 
rope  beneath  the  cage  is  not  a  peculiarity  of  the  system,  as  it  has 
been  applied  for  a  long  time  to  winding-engines  where  ordinary 
cvlindncal  drums  are  used.  Experiments  on  tbe  Eoepe  system  have 
shown  that  with  the  rope  passing  only  one-half  turn  round  tbe 
driving-pulley,  the  coefficient  of  adhesion  between  steel  rope  and 
wood  rim  is  in  practice  80  per  cent.,  which  admits  of  a  great  excess 
being  placed  on  present  ascending  loads  before  any  slip  can  oocur. 
That  no  slip  actually  results  in  practice  (under  the  vaual  working 
conditions)  is  shown  by  the  fact  that  at  Bestwood  colliery  the  winding 
takes  place  at  the  upcast  shaft  which  is  cased  in,  and  the  cages  are 
entirely  out  of  sight  of  the  engineer,  who  has  to  rely  entirely  on  the 
indicator,  and  under  these  circumstances  has  no  difficulty  in  Icuiding 
the  load.  It  is,  however,  evident  that  when  the  cages  reach  the  land- 
ing-places and  rest  on  the  stops  (if  any  are  used)  the  weight  is 
removed  from  the  rope,  and  sufficient  adhesive  power  may  not  exist 
on  the  rim  of  the  motive-pulley  to  enable  the  loads  to  be  re-started. 
This  can  be  guarded  against  by  dispensing  with  stops  altogether  (as 
is  done  at  the  Sneyd  colliery),  or  by  continuing  the  rope  past  lie 
cages  by  means  of  cross-heads  above  and  below  each  cage,  con- 
nected together  by  side  pieces  passing  outside  ;  the  bridle  chains  are 
hung  from  the  top  cross-head,  and  when  the  cage  rests  on  the  to[» 
the  weight  of  the  winding-  and  tail-ropes  still  remains  on  the  motive- 
pulley.  This  is  the  arrangement  used  at  Bestwood.  The  single 
winding-rope  at  the  HanoYer  colUery  has  been  found  to  last  more 
than  twice  as  long  as  the  two  ropes  formerly  adopted.  The  chief 
advantage  of  the  system,  apart  from  the  perfect  equalisation  of  the 
load,  which  can  also  be  obtained  in  any  engine  with  ordinary  cylin- 
drical drums,  consists  in  doing  away  with  the  drum,  which  in  many 
instances  weighs  60  tons,  and  has  of  course  to  be  bet  in  rapid  motion 
and  stopped  in  a  short  space  of  time,  causing  a  large  waste  of  energy. 
The  Koepe  system  of  winding  has  been  adopted  at  Oberhausen  and 
Westhausen  in  Westphalia,  Stassfurth  in  Upper  Silesia,  and  Best- 
wood and  Sneyd  collieries  in  England,  but  has  since  been  abandoned 
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at  Oberhausen  and  Westhausen,  possibly  because  breakage  of  one 
rope  would  cause  the  stoppage  of  both  sides  of  the  pit.  After  7  years' 
sDooeflBful  working,  Koepe's  system  has  been  lately  abandoned  at 
Bestwood  for  two  reasons :  the  management  do  not  consider  it  safe, 
and  slipping  of  the  rope  takes  place  every  time  it  is  oiled ;  this 
slipping  oommenoes  immediately  oil  is  applied,  and  after  a  time 
ceases  altogether,  to  re-start,  however,  at  the  next  oiling.  This 
action  is  very  objectionable  at  Bestwood,  for,  as  before  stated,  the 
engineman  has  to  rely  entirely  on  the  indicator  for  landing  the  cages, 
as  he  cannot  see  them  when  they  reach  the  surface,  owing  to  the  top 
of  the  shaft  being  cased  in.  Against  these  abandonments  we  have 
the  fMxX  that  no  aoddent  has  occurred  at  the  Hanover  pit  since  the 
instiJlation  was  put  down  in  1877 ;  indeed,  the  life  of  winding-ropes 
is  increased  as  before  stated.  This  system  is  also  giving  every  satis- 
&cfcion  at  the  Sneyd  colliery  in  North  Staffordshire. 

The  improved  Bobey  mining  engine,  made  by  Eobev  (&  Co., 
Limited,  Linooln,  is  one  of  the  most  modem  types,  and  is  well 
spoken  of. 

The  following  notes  on  ropes,  obligingly  contributed  by  Felten 
k  Chxilleaume,  of  Mulheim-on-Bhine,  though  their  English  agents, 
W.  P.  Dennis  A  Co.,  London,  will  be  read  with  interest  as  conveying 
the  experience  of  the  foremost  rope-making  establishment  in  Euro^. 

Mining  ropes  may  be  classed  as  winding,  hauling,  and  guide 
ropes.  For  winding  and  hauling  purposes  the  most  common  con- 
stmction  is  42  wires  and  I  hemp,  or  36  wires  and  7  hemps;  but 
the  makers  do  not  confine  themselves  to  these  constructions,  and  it 
is  desirable  if  possible  to  furnish  particulars  of  the  conditions  under 
whidi  the  rope  is  required  to  work,  so  that  they  may  use  their  discre- 
tion in  case  they  consider  it  advantageous  to  alter  the  construction. 
The  two  constructions  before-named  are  tusually  supplied  by  English 
n>pe-makers,  which  simplifies  their  work,  but  it  is  not  always  to  the 
advantage  of  the  buyer. 

The  class  of  wire  employed  depends  more  or  less  upon  the  con- 
ditions of  working,  and  the  principal  factors  to  be  considered  are : — 

(1)  Dimensions  of  drums  and  pulleys,  as  small  pulleys  generally 
tend  to  shorten  the  life  of  a  rope  unless  the  rope  can  be  made  more 
flexible,  in  which  case  however  it  is  more  apt  to  suffer  from  friction 
or  abrasion. 

(2)  The  presence  or  absence  of  guide-rollers,  in  the  case  of  hauling 
ropee,  and  their  dimensions ;  it  is  injurious  to  ropes  to  work  without 
gmde-rollers. 

(3)  The  angle  made  by  the  rope  in  passing  from  the  drum  and 
going  round  the  pidley ;  tne  sharper  the  angle  the  more  injurious  it 
is  to  the  rope. 

(4)  Whether  the  rope  is  wound  on  the  drum  in  one  or  more  layers ; 
if  in  more  than  one  layer,  the  rope  sufifers. 

(5)  Whether  the  shaft  \b  dry  or  wet ;  in  the  latter  case,  especially 
if  the  water  is  acidulous,  the  rope  must  be  selected  differently  and 
very  carefuUy  treated.  Qenerally  in  such  cases  the  size  of  wire  must 
be  as  large  as  conveniently  possible,  and  sometimes  it  may  be  prefer- 
able to  have  the  wire  galvanised ;  but  in  every  case  the  ropes  must 
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be  well  dressed  with  a  good  grease  free  from  acid  or  creosote.  This 
greasing  is  always  beneficial  also  for  ropes  working  in  dry  mines,  but 
is  indispensable  in  wet  or  acid  shafts. 

The  class  of  wire  too  may  be  different  as  regards  the  material 
employed  to  ensure  a  lower  or  higher  breaking  strain.  Bopes  of  iron 
or  steel  are  supplied  with  a  breaking  strain  of  20  to  40  tons  per  sq.  b^ 
but  are  now  very  little  used. 

The  quality  mo^t  employed  for  winding  and  hauling  ropes  is 
patent  cast  steel  with  a  strain  of  80-85  tons  per  sq.  in.,  but  in  cases 
where  it  is  desirable  to  get  the  rope  in  the  smallest  compass  with  the 
highest  attainable  strength,  other  classes  of  wire  are  employed,  with  a 
breaking-strain  of  110-120  tons  per  sq.  in. — so-called  "plough"  steel 
wire. 

The  prices  of  ropes  usually  increase  with  the  reduction  in  size  of 
the  wires  employed,  and  for  the  purpose  of  simplifying  matters 
Dennis  &  Co.  give  in  their  general  price  list  for  wire  ropes  the  gauge 
of  wires  usually  employed  and  the  corresponding  prices  in  the  differ- 
ent qualities. 

Guide-ropes  for  mines  are  usually  composed  of  7  to  19  wires  of 
soft,  tough  material,  **  homo  "  steel  or  iron. 

Felten  &  Guilleaume's  ropes  have  a  high  reputation,  and  give 
great  satisfaction  wherever  introduced,  all  over  Europe  and  in  the 
Colonies.  They  also  supply  ropes  on  the  principle  of  Albert  or  so 
called  *'  Lang's  lay  "  (wires  and  strands  stranded  in  one  direction), 
which  is  especially  adapted  for  haulage  and  will  usually  outlive  the 
ordinary  construction ;  as  well  as  the  '*  lock  coil "  rope,  which  is  com- 
posed of  round  and  sectional  wires,  the  latter  so  shaped  that  they 
interlock,  preventing  a  broken  wire  from  rising  out  of  its  place. 
They  can  be  used  of  spiral  construction  for  guide-ropes  where  the 
ordinary  construction  of  rope  would  require  to  be  stranded,  and  are  of 
less  weight  strength  for  strength  by  the  reduction  of  section,  as  com- 
pared with  the  old  style. 

In  the  United  States  the  wire  ropes  manufactured  by  the  John  A- 
Eoebling's  Sons  Co.,  Trenton,  New  Jersey,  are  the  standard  through- 
out the  many  mining  fields  for  lifting  and  hauling  plants.  The  sus- 
pension bridges  at  Niagara  and  at  East  Biver  are  built  with  the  wire 
of  this  firm.  Their  electrical  copper  wires  have  a  remarkable  repu- 
tation. 

The  drums  or  reels  of  hoisting  machinery  are  made  for  either 
round  or  flat  cables  or  rope.  Where  the  shaft  is  inclined,  and  the 
hoisting  is  done  by  cars,  round  rope  is  used.  In  vertical  shafts,  where 
cages  are  used,  flat  rope  is  preferred.  The  drums  should  be  of  large 
diameter,  to  reduce  the  bending  strain  to  which  the  rope  is  subjected- 
Bopes  are  of  iron  or  steeL  Where  lightness  and  strength  are  especiallj 
necessary,  as  in  the  case  of  deep  hoisting,  steel  is  preferred. 

Bopes  used  in  inclined  shafts  are  subjected  to  more  Motion,  and 
consequently  last  a  shorter  time  than  ropes  used  in  vertical  shafts. 

Bopes  hoisting  80  to  100  tons  a  day  last  about  one  year.  After  a 
wear  of  6  months,  however,  the  rope  should  be  moved  to  the  side  of 
the  shaft  which  is  not  used  for  the  purpose  of  lowering  the  men, 

Bules  for  the  selection  and  care  of  ropes,  and  for  calculating  the 
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siza  of  drains,  &c.,  are  folly  given  in  the  author*8  *  Miners'  Pocket 
Book/ 

In  hoisting  through  vertical  shafts,  the  gallows  frame  upon  which 
the  sheaves  are  supported  should  be  50  ft.  or  more  in  height.  The 
additional  height  reduces  the  liability  of  over-winding.  There  are 
several  automatic  devices,  connected  with  the  hoisting  hooks  from 
which  the  cable  is  suspended,  for  preventing  over-winding. 

An  excellent  arrangement  at  the  Lens  Colliery,  near  Lille,  consists 
of  an  arrangement  of  valves,  which  come  into  play  directly  the  cage 
reaches  a  certain  point  in  the  shaft  and,  if  the  engine  should  at  that 
moment  not  be  under  control,  immediately  apply  a  powerful  air-brake. 
This,  however,  allows  the  cage  to  proceed  at  a  certain  speed;  but 
fihoold  another  point  in  the  shaft  be  passed,  and  the  engine  be  still 
out  of  control,  the  brake  is  increased  in  power,  steam  is  entirely  shut 
off,  and  the  cage  is  brought  to  a  standstill. 

Qage*. — Every  cage  ^ould  have  a  spring  or  buflfer  for  taking  the 
strain  off  the  winding  rope  at  the  moment  of  commencing  the  hoist. 

In  vertical  shafts,  the  cages  run  upon  guide-timbers.  The  cages 
are  provided  with  safety  catches,  which  operate  when  the  tension  of 
the  rope  is  suddenly  released,  and  hold  the  cage  fast  in  the  guides. 
The  safeti^  should  be  frequently  tested. 

Double-deck  cages  are  preferable  when  hoisting  from  great  depths, 
aa  their  use  increases  the  capacity  of  the  shaft.    . 

When  the  shaft  is  steep  but  not  vertical,  cages  may  be  used, 
nevertheless,  by  having  an  adjustable  platform,  which  ensures  a  con- 
stantly horizontal  position  of  the  platform.  Cages  of  this  design  are 
Tisefol  where  there  is  a  departure  from  yerticality  at  any  point  of  the 
shafL 

The  adoption  of  some  form  of  balance  to  the  cage  or  skip  equalises 
the  strain  on  the  winding  gear  and  leads  to  great  economy  in  reducing 
the  wear  and  tear  of  rope  and  machinery  and  conserving  power.  A 
simple  method  consists  mainly  in  coupling  the  shaft  of  an  auxiliary 
winding  drum  or  "  spider  "  to  the  shaft  of  the  main  winding  gears, 
and  in  attaching  to  this  auxiliary  drum  or  spider  a  rope  or  chain  of 
increasing  weight  to  act  as  a  counterpoise  to  the  cage  and  haulage 
r*>pe.  This  rope  or  chain  may  hang  either  down  the  pump-shaft  or 
down  a  blind  shaft  or  bore-hole,  in  any  convenient  position  adjacent 
to  the  winding  gears. 

The  counterbalance  chain  is  made  in  lengths,  the  weight  of  each  of 
which  is  relatively  greater  than  that  of  the  length  next  above  it.  The 
upper  end  is  secured  by  a  light  rope  to  the  auxiliary  drum  or  spider. 

^1:^. — Self-dumping  skips  are  often  used  in  vertical  shafts  instead 
of  cages.  They  are  useful  for  moderate  depth,  and  especially  for 
nnking,  as  they  can  raise  rock  and  water  at  the  same  time.  When 
the  skip  reaches  the  surface,  wheels  arranged  on  either  side  are  forced 
to  pass  between  the  inclined  guides,  as  a  consequence  of  which  the 
skip  is  tipped  suflBciently  to  dump  its  contents. 

In  incline  shafts,  self-dumping  skips  are  run  upon  tracks.  Where 
the  incline  is  flat,  cars  are  generally  used.  There  is  an  economy  in 
having  large  cars  of  about  1^  tons  capacity;  as  large,  in  fact,  as  are 
easily  handled. 
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The  Frongoch  skip  shown  in  the  accompanying  illoBtrationa 
(Figs.  56-66)  is  worthy  of  special  mention,  as  it  empties  itsdl 
automatically  on  reaching  the  top  of  the  shaft,  and  then  rights 
itself  without  the  aid  of  a  lander,  as  soon  as  it  is  lowered.  The  time 
occupied  in  lowering  the  skip  on  to  a  door,  knocking  up  a  bolt  so  as 
to  discharge  its  contents,  closing  it  again,  and  raising  the  skip  so 
that  the  door  may  be  drawn  back,  is  all  saved,  and  the  servioee  of 
the  lander  are  entirely  dispensed  with.  The  skip  is  the  usual  box  a, 
made  of  sheet  iron  or  sheet  steel,  with  4  wheels  h  running  on  the 
vertical  wooden  conductors  \  and  prevented  from  leaving  them  by 
the  back  guide  ^,  at  or  near  the  bottom.     The  bow  or  loop  e,  instead 


asB 


Figs.  56-60.— Fbongoch  Sku». 

of  being  attached  to  the  top  of  the  skip,  reaches  down,  and  is  attached 
to  the  axles  of  the  bottom  wheels.  It  rests  against  the  axles  of  the 
upper  wheels,  and  the  skip  is  thus  prevented  from  falling  away  from 
the  guides.  At  the  surface,  each  perpendicular  conductor  terminates 
in  a  curved  piece,  and  a  front  guide  A  is  added  on  each  side.  When 
the  skip  comes  up,  these  front  guides  press  upon  the  top  wheels  and 
turn  them  on  to  the  flat  ends  of  the  conductors.  The  partial  cutting 
away  of  the  conductors  at  i  enables  the  back  guide  to  pass  through, 
and  the  bottom  end  of  the  skip  is  now  raised,  and  the  contents  are 
tipped  or  '*  dumped  "  into  a  large  bin  or  pass,  from  which  the  ore  can 
be  drawn  away  at  pleasure.     If  the  engineman  does  not  stop  at  onoe. 
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the  slcip  is  simply  drawn  a  little  way  tip,  resting  upon  the  front 
g:aide8  c,  the  stop  or  stud  /  preventing  it  from  assuming  a  wrong 
pofdtioD.  As  soon  as  the  engineman  begins  to  lower,  the  top  wheels 
drop  upon  the  flat  ends  of  the  conductors,  and  pivoted  upon  these  top 
wheels  the  tail  end  of  the  skip  drops,  the  back  guide  passes  through 
the  slot  i,  and  the  skip,  resuming  its  upright  position,  descends  the 
shaft.  One  great  recommendation  of  this  system  is  that  it  can  be 
applied  to  existing  shafts,  whether  perpendicular,  inclined,  or  crooked* 
It  is  the  Hubject  of  a  patent. 

Coal  Dumps, — There  is  a  special  feature  about  coal  dumps  in  that 
it  is  essential  to  avoid  breakage  of  the  coal  so  far  as  possible.  Per- 
haps the  best  form  yet  introduced  is  Wilson's  automatic  safety  dump, 
as  furnished  by  John  Davis  &  Son,  Derby,  and  shown  in  Fig.  61. 
The  safety-horns  A,  placed  at  any  given  point  or  at  any  dibtance 
behind  the  dump,  prevent  a  second  wagon  from  entering  on  the 
damp  till  desired.    Push  and  pull  rods  are  attached  to  the  horns,  and 


Fig,  61.— Automatic  Safety  CJoal  Dump. 

connected  by  a  T-iron  D  and  spreading-rod  C  to  a  lever  B.  The 
notch  E  in  the  push-rod  extending  from  D  and  intersecting  the  latch  F, 
holds  the  safety-horns  open  until  the  rear  wheel  of  the  wagon  has 
passed  the  horns  A,  when  the  front  wheel  strikes  the  projecting  part 
of  latch  F,  lifting  it  from  notch  E,  allowing  spring  G  to  close  the 
horns  A  immediately  behind  the  rear  wheels,  and  preventing  another 
wagrm  from  entering  the  dump  until  desired  by  the  operator.  A 
press-lever  H  has  connection  through  rod  I  with  T-iron  J,  whose 
arms  reach  the  dump-horns  K.  Thu8,  when  the  bottom  of  the  wagon 
begins  to  lide  upon  the  press-lever  H,  giving  it  a  downward  move- 
ment, the  lever  pulls  backward  on  rod  I  and  through  J  spreads  apart 
the  dump-horns  K  so  as  to  allow  the  empty  wagon  to  pass  between 
them  on  a  down-grade  to  a  return  track.  When  the  empty  wagon 
has  passed  the  dump-horns  K  the  rear  end  of  the  full  or  approaching 
wagon  has  passed  the  press-lever  H,  allowing  springs  L  to  close  the 
damp-honis  K,  holding  the  wagon  in  place  until  it  is  dumped  in 
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turn.  The  break  rails  have  a  slot  M  in  the  rear  end,  and  are  hinge<} 
at  their  forward  end  N,  giving  them  a  lengthening  and  shortening 
motion  as  required  in  the  np-and-down  motion  of  the  dump.  The 
motion  of  the  dump  is  regulated  by  the  lever  O,  having  connections 
with  point  of  weight-lever  Q  and  arm  P,  extending  to  brake  B,  and 
held  in  place  by  weights  S.  The  dump-brake  has  a  smooth,  regular^ 
rocking  motion,  and  has  none  of  the  jarring  and  jerking  produced  by 
other  dump -brakes  now  in  use. 

Coal  Conveyors, — The  conveyance  or  transfer  of  coal  from  the  mine 
to  distributing  centres  such  as  railway  stations  and  river  piers,  without 
undue  breakage,  is  an  operation  demanding  particular  care,  and  has 
called  into  existence  special  appliances  whose  adoption  may  be  use- 
fdlly  extended  ontside  the  coal  trade.  The  construction  of  what  are 
known  as  '*  river  tipples  "  in  America  requires  various  precautions  to 
be  taken  against  sudden  freshets,  drifts,  and  ice-gorges,  and  generally 
something  more  than  the  building  of  mere  breakwaters. 

The  first  method  adopted  for  river  transfer  was  a  simple  incline, 
with  a  movable  cradle,  which  could  be  raised  or  lowered  to  suit  the 
different  stages  of  water.  This  system,  though  limited  to  a  small 
capacity,  and  to  cara  not  larger  than  tho.<4e  commonly  used  under- 
ground, possessed  two  advantages.  The  first  cost  was  comparatively 
small ;  and,  since  the  structure  did  not  obstruct  the  channel,  there 
was  little  risk  from  freshets,  the  utmost  damage  from  which  could  be 
repaired  at  small  expense.  Its  disadvantages,  however,  were  many, 
the  principal  among  them  being  the  breakage  of  the  coal  by  reason 
of  the  necessarily  high  dump ;  the  damages  to  barges  from  the  same 
cause ;  and  the  difficulties  of  screening  and  distributing  the  different 
sizes  into  separate  barges.  Hence  this  system  has  been  almost  aban- 
doned in  favour  of  the  basket-arrangement,  lowering  vertically  into 
the  barge,  with  the  aid  of  counter-weights,  which  return  the  empty 
basket;  while  pipes  or  shutes  convey  the  small  coals  into  other 
barges,  from  a  complete  set  of  screens,  which  this  method  will  readily 
accommodate. 

The  latter  system  is  now  generally  employed  along  all  the 
tributaries  of  the  Ohio.*  It  has  been  elaborated  to  meet  enlarged 
outputs,  until  the  cost  of  construction,  in  many  cases,  has  reached 
8000-1 0,000L  Where  mines  have  been  connected  with  the  river  by 
railway,  necessitating  the  transfer  into  larger  cars  at  the  drift-mouth, 
the  same  system  has  been  employed  to  lower  the  railway  cars,  so  as 
to  avoid  the  breakage  from  an  extra  dumpage.  Owing  to  the  fact, 
however,  that  a  barge  mnst  be  laden  uniformly,  to  avoid  damage,  it 
has  not  been  found  advisable  to  dump  more  than  2-3  tons  on  any 
one  point ;  and  the  largest  car  used  in  this  manner  has  a  maximum 
capacity  of  about  6  tons,  dumping  from  the  centre  upon  a  roofed 
cage,  so  as  to  distribute  the  load.  The  Winifrede  Coal  CJo.  has  an 
arrangement  of  this  kind,  with  a  maximum  capacity  of  about  1300  tons 
in  12-14  hours,  and  costing  about  5000-6000/.,  including  the  struc- 
ture for  its  protection.  At  the  Faulkner  Mines,  30  miles  above 
Charleston,  a  regular  basket-arrangement  has  been  erected,  at  a  cost 
of  about  5000/.;  and  the  Crescent  Mines,  2  miles  lower,  have  a 
*  W.  N.  Page,  Tr.  Am.  Inst.  Min.  Engs. 
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dmilar  arraDgement,  coetdDg  about  40001.    Neither  of  these  tipples 
ain  transfer  more  than  400  tons  per  diem. 

Since  the  hest  devised  Btructnres,  upon  snch  waters  as  the  Ohio, 
ire  liable  to  be  washed  away,  and  become  a  total  loss,  it  is  clear  that 
)ne  of  the  first  considerations  should  be  economy  in  construction,  and 
that  as  little  resistance  as  the  conditions  will  admit  should  be  opposed 
to  the  current.  Where  breakwaters  are  used,  they  mast  be  raised,  to 
kfford  absolute  protection,  at  least  60  ft.  above  low  water.  Such  a 
rtTQcture,  in  stone,  would  be  beyond  the  means  of  most  coal  operators ; 
md  in  timber,  they  are  not  only  expensive,  but  depreciate  rapidly  at 
md  above  the  water-line.  Bearing  the  above  conditions  in  mind,  and 
^nfining  his  remarks  to  the  transfer  of  bituminous  coal  into  barges. 
Page  names  the  following  desiderata  in  order  of  importance. 


Fig.  62. — Coal  Conveyor. 

(1)  The  arrangement  should  permit  a  structure  accommodating 
my  car ;  and,  since  the  majority  of  the  mines,  in  the  future,  must 
•each  the  rivers  over  lines  of  railway  too  extensive  for  the  economical 
we  of  small  cars,  the  requirements  of  the  standard  railways  should  be 
net 

(2)  All  bituminous  coals,  being  more  or  less  damaged  by  breakage, 
ibould  be  handled  as  gently  as  possible.  Since  breakage  occurs  not 
mly  from  the  shocks  and  friction  on  the  bottom  and  sides  of  a  shuts, 
!)Tit  from  the  weight  and  grinding  of  the  superincumbent  mass  when 
n  motion ;  hence  it  is  clear  that  any  method  by  which  the  coal  can 
i>e  literally  carried,  while  it  remains  at  rest,  will  best  meet  this 
condition. 

(3)  The  barge  should  be  loaded  uniformly  ;  otherwise  its  timbers 
»nU  spring,  and  leakage  will  become  a  source  of  constant  expense. 
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The  cost  of  a  barge  is  too  great  to  permit  the  neglect  of  any  pre- 
caution for  its  preservation. 

(4)  The  cost  of  transfer  should  be  reduced  to  a  minimum,  and  the 
machinery  should  not  be  so  complicated  for  a  large  capacity,  as  to 
make  a  small  output  disproportionately  expensive. 

(5)  The  capacity  shoula  be  practically  unlimited,  since  gravity 
fumiuies  unlimited  power. 

(6)  Above  all,  the  structure  should  be  a  protection  in  itself 
against  high  water,  or  subject  to  such  damage  only  as  may  be  qoickiy 
repaired  at  a  small  cost. 


Fig.  63 — Coal  Conyktob. 

After  a  careful  study  of  the  conditioDS  and  requirements — whick 
are  of  course  slightly  modified  by  circumstances — Page  ventured  ^tek 
make  a  departure  from  the  conservative  methods  now  in  use,  amA 
erected  a  transfer  on  the  Kanawha,  for  the  Mt.  Carbon  Compaay^ 
Limited,  which  is  described  below,  and  illustrated  in  Figs.  62  to  65L. 

As  will  be  seen,  it  is  a  simple  application  of  a  flexible  steel  bc~ 
A  ft.  wide,  with  C-in.  flanges,  and  95  ft.  from  centre   to  centre 
sprocket-shafts.     The  3  chains  are  made  of  j^  x  2  in.  steel  bars,  wHi 
£-in.  steel  pins,  6  in.  from  centres.     Each  alternate  link  has  a  "  ^ 
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flange,  to  which  is  bolted  a  segment  of  the  belt,  as  shown  in  Fig.  60 ; 
oonsequently  every  other  link  is  an  idler,  which  increases  the  flexi- 
knlitj  of  the  belt.  The  segments  are  made  of  No.  12  gan^e  soft  steel, 
and  lap  I  in.  The  lower  lap  is  cnrred  downwards,  for  which  the  idle 
link  is  notched. 

The  hopper  underneath  the  car  holds  less  than  a  ton ;  conse- 
qnently  the  belt  practically  draws  the  coal  direct  from  the  car  after 
this  hopper  has  been  once  filled.  The  feed-apron  is  narrower  than 
the  belt,  and  is  adjustable  so  as  to  feed  automatically,  the  coal  on  the 
belt  regulating  the  charge.  No  difficulty  is  encountered  in  regulating 
the  feed  to  any  desirable  load ;  and  no  attendant  is  required.  The 
links  of  the  loaded  chain  run  in  small  flanged  rollers,  placed  every 
4  ft  on  6-in.  girders,  24  ft.  long,  with  fish-joints  at  every  point  of 
■Qspension.  There  are  4  such  points  within  the  95  ft.,  using  eight 
2-ton  difierential  blocks,  four  on  each  side.  It  was  first  proposed  to 
ue  ooonterweigbts  at  these  points ;  but  upon  estimation  blocks 
proyed  cheaper  and  more  satisfactory. 


I  ®  "^^m^ 


Fios.  64,  65. — Details  of  CJoal  Conveyor. 

The  total  weight  of  belt  and  attachments,  exclusive  of  the  upper, 
^  fixed,  shaft  and  sprockets,  is  5  tons ;  and  the  level  load  is  5  tons ; 
wnaequentiv  each  revolution  of  the  belt  conveys  a  little  more  than 
10  tons.  The  arrangement  for  returning  the  empty  portion  of  belt 
ttnaists  of  3  pulleys,  2  ft.  diam.  by  12  in.  face,  set  on  tiie  shaft  so 
that  each  pulley  supports  a  chain.  To  suit  the  different  stages  of 
▼ater,  the  entire  system  can  be  readily  raised  or  lowered  at  one  end, 
by  one  man,  care  being  taken  to  have  the  ^ders  in  line  when  the 
pnrper  elevation  is  reached.  The  guide  on  £e  movable  end  is  an  arc 
of  the  circle  to  which  the  belt  is  radius ;  though,  to  cover  any  in- 
•qnalitiee,  or  spring  in  the  timbers,  the  fixed  ends  of  the  girders  are 
pfo^ided  with  movable  connections  to  the  main  shaft,  which  is  also 

K 'Tided  with  extension-boxes,  to  facilitate  making  the  connections, 
e  ahute  which  distributes  the  load  in  the  barge  is  built  of  light 
"^arranged  bo  as  to  oonvey  the  coal  to  both  sides  at  the  same  time,- 
^  proportion  delivered  to  either  being  regulated  by  the  angle  of 
"w^tion.    It  is  adjusted  so  that  the  coal  moves  in  it  very  slowly, 

I  2 
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and  has  a  minimum  drop  into  the  barge.  When  the  eides  have  been 
fnlly  loaded,  the  hinged  apron  is  folded  back,  and  the  discharge  falls 
in  the  centre  of  the  l^ge,  which  is  thus  loaded  so  as  to  require  little 
or  no  levelling. 

It  is  apparent  that  the  greatest  inclination  of  the  belt  should  not 
exceed  the  friction-angle  of  coal  on  iron;  and  that,  within  certain 
aneles,  gravity  will  revolve  the  belt,  on  the  principle  of  an  ordinary 
indine.  Though  Page  put  a  brake-wheel  on  the  main  shaft,  intending 
at  the  time  to  use  gravity-power,  he  determined  later  to  make  use  of 
a  small  6  x  8<in.  engine,  which  was  on  hand  to  operate  a  capstan  for 
handling  the  barges.  He  connected  the  belt  with  it,  and  made  the 
greatest  angle  of  inclination  only  15°.  The  belt  is  speeded  to  100  ft 
per  minute — the  engine  making  150  rev. — and  makes  a  complete 
revolution  in  a  Httleless  than  2  minutes.  In  actual  practice,  the  belt 
empties  a  12-ton  car  in  2  minutes,  or  at  the  rate  of  360  tons  per  hour. 
This  capacity  can  be  increased,  without  additional  expense,  by  simply 
increasing  the  speed  of  the  belt,  or,  at  a  very  small  additional  cout,  by 
increasing  its  width. 

As  the  belt  has  never  been  operated  by  gravity  alone,  it  is  not 
possible  to  say  exactly  what  the  factor  of  friction  is,  but  doubtless  it 
will  revolve  between  the  angles  of  10°  and  30° ;  in  other  words,  it  can 
be  operated  by  gravity  alone,  through  an  arc  of  20°;  and  with  a 
radius  of  95  ft.  this  arc  would  approximate  a  difference  in  elevation  of 
34  ft,  which  is  more  than  ample  to  cover  all  loading-stages  in  the 
river.  I 

The  little  engine  mentioned  will  run  the  loaded  belt  without 
diflSculty,  in  a  horizontal  position;  consequently  the  total  friction 
must  be  considerably  less  than  the  power  of  its  cylinder,  as  it  is 
geared  (the  gravity  force  exerted  in  direction  of  belt,  at  any  angle, 
may  be  easily  determined  by  the  resolution  of  forces).  The  total  oost 
of  all  the  iron  in  the  structure  was  under  500i.,  excepting  only  the 
engine  and  boiler,  which  cost  originally  about  120Z.  To  this  must  be 
added  100,000  ft.  of  white  oak  timber  in  the  crib  and  trestle,  which 
cost  400^.  erected,  and  1202.  for  stone  filling,  making  the  total  cost,  in 
working  order,  under  1150^,  including  engine,  capstan,  and  all 
gearing.  The  cost  in  timber  and  stone  will,  of  course,  vary  according 
to  conditions.  It  will  be  seen  from  the  drawings  that  Page  has  used 
timbers  lavishly,  both  in  the  wings  of  the  crib  and  for  the  protection 
of  the  bank.  The  whole  structure  is  so  framed  and  drift-bolted  I 
together  that  no  part  can  be  moved  independently  of  the  other,  in- 
cluding the  stone  crib,  which  extends  back  to  the  railway  grade,  60  ft, 
above  low  water,  and  10  ft.  above  the  Chesapeake  and  Ohio  Bail  way. 

The  distance  between  bents  being  24  ft.,  little  resistance  is  offared 
to  the  current  (none  of  them  is  in  the  channel) ;  and  even  shoold 
drift  or  ice  gain  a  lodging,  there  is  as  much  strength  to  withstand 
the  pressure  as  is  presented  by  an  ordinary  breakwater.  The  belt 
can  be  raised  clear  of  water,  up  to  a  40-ft.  rise,  and  should  this  fthe 
highest  gauge  yet  recorded)  be  exceeded,  it  can  be  lowered  in  safetf 
beneath  the  surface.  As  the  crib  is  fill^  so  that  it  cannot  be  under- 
mined, the  greatest  damage  which  could  possibly  result  would  be  tlie 
breaking  of  the  bents,  which  are  composed  of  4  timbers  of  12  x  12-in. 
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oak,  each  firmly  bolted  and  braced  to  the  stone  crib  and  its  two  wing- 
wills.  The  belt  wonld  of  conrse  remain;  and  even  such  an  im- 
probable catastrophe  would  result  in  small  damage. 

In  actual  worldng,  only  2  men  are  required  to  run  this  conveyor 
to  its  full  capacity :  an  engineer,  at  6«.  per  day,  who  also  attends  the 
oipstan,  and  one  man  on  the  barge  at  8«.  per  day,  who  is  a  carpenter 
tnd  caulker ;  consequently  the  total  cost  per  diem  does  not  exceed  1 4«. 
The  trainmen  dump  the  cars ;  but  if  this  expense  be  added  it  would 
amoimt  to  10«.  more.  The  tracks  are  arranged  so  that  the  loads  run 
in,  and  empties  out,  on  down  grades. 

In  3  months'  working  the  cost  of  repairs  was  nothing ;  and  since 
eTery  member  has  a  large  bearing  and  safety  fisu^r,  the  wear  and 
depreciation  will  be  very  slight.  No  breakwaters  have  been  put  in, 
nor  is  there  need  for  any. 


FiQ.  66.— HuHT  Coal  Cqhduotob. 

Apart  from  the  advantages  already  named,  it  has  been  clearly 
lemonstrated  that  both  coal  and  coke  can  be  put  into  barges  with 
lalf  the  breakage  of  any  other  arrangement ;  that  there  is  nothing 
omplicated  to  get  out  of  order ;  that,  as  the  barge  sinks  in  proportion 
o  the  load,  the  belt  has  to  be  moved  only  for  tiie  different  stages  of 
rater.  Moreover,  there  is  no  danger  to  life  or  property  from  the 
n^akage  of  any  part,  as  is  the  case  with  the  vertical  system,  in 
rhiidi  Irequently  tiie  breaking  of  a  rope  causes  loss  of  life,  barge  and 
ar. 

With  self-dumping  cars,  Page  would  feel  safe  in  guaranteeing  to 
ransfer  4000  tons  with  this  machine,  within  12  hours,  at  a  cost  per 
on  iK>t  exceeding  i^^.,  and,  with  2002.  extra  outlay,  he  would  under- 
ake  to  double  this  capacity,  and  lower  the  cost  named. 

Ab  the  mines  of  the  Mt.  Carbon  Company  are  connected  with  the 
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river  by  5  miles  of  standard-gauge  railway,  and  their  coal  is  screened 
at  the  mine-tipple,  where  they  have  202  bee-hive  ovens,  no  arrange- 
ment has  been  made  to  separate  the  nut  and  slack  at  the  river.  The 
vertical  distance  between  the  car  and  belt,  however,  could  be  easily 
utilised  for  screens ;  and  the  small  coals  could  be  conveyed  to  either 
side  of  the  belt,  where  they  could  be  carried  by  a  trough  and  scrapers, 
connected  to  the  main  shafts,  into  separate  barges,  which  might  be 
arranged  inside  of  the  lump-receiver.  Under  favourable  conditions, 
the  angle  of  inclination  to  these  inside  barges  would  be  sufficient 
to  slide  the  coal  in  fixed  pipes,  since  breakage  there  need  not  be 
considered. 

In  Hunt's  conveyor,  instead  of  the  usual  sprocket  wheels  for  effect- 
ing motion,  pawls  are  used  for  pushing  the  chain  alonff,  a  second  pawl 
taking  hold  before  its  leader  lets  go.  As  shown  in  Fig.  66,  a  pocket 
is  formed  in  each  of  the  links  of  an  endless  chain,  or  the  latter  is 
fitted  with  2  pins  into  which  a  pawl  drops,  and  6  or  7  more  of  these 
pawls  are  attached  to  a  revolving  disc,  their  movement  to  enter  the 
link  pockets  being  governed  by  a  fixed  cam,  which  turns  them  toward 
or  allows  them  to  drop  away  from  the  centre  as  may  be  required. 
The  tracks  upon  whicm  the  wheels  run  are  supported  upon  timber 
framing  and  brackets. 

Wire  Bopewaya, — Hardly  any  of  the  many  mechanical  inventions 
of  modem  times  has  done  more  to  develop  the  mining  industry  than 
the  simple  and  ingenious  contrivance  known  as  the  aerial  wire  rope- 
way ;  and  certainly  no  particular  form  of  wire  ropeway  has  acquired 
a  greater  reputation  or  proved  more  successful  in  overcoming  the 
obstacles  incidental  to  transportation  in  rough  and  rugged  country 
than  that  known  as  the  Bleichert  system.  The  home  of  this  ropeway 
is  in  the  United  States,  where,  out  of  nearly  500  examples  erected,  not 
one  has  failed,  and  now  it  is  being  introduced  into  Europe  and  the 
British  colonies  by  W.  F.  Dennis  &  Co.,  of  London.  By  it  valleys 
up  to  1650  ft.  in  width  can  be  spanned;  rivers,  buildings,  roads, 
railways,  and  other  obstacles  are  crossed  without  the  necessity  of 
erecting  elaborate  structures. 

Gradients  of  85  per  cent,  to  90  per  cent,  have  been  repeatedly  and 
successfully  worked;  and  ropeways  have  been  constructed  with  a 
carding  capacity  up  to  1000  tons  per  day  of  10  hours. 

The  lines  are  proof  against  strong  winds,  floods,  snow,  ice,  &Cm 
and  unskilled  labourers  can  perform  all  the  necessary  operations. 

The  automatic  connection  and  disconnection  of  the  trucks  oz 
buckets  to  and  from  the  rope  ensures  the  greatest  possible  simplicitj? 
of  working.  These  trucks  are  designed  to  suit  the  materials  that 
hjave  to  be  carried,  whatever  the  nature  of  such  materials  may  be. 

The  "  Bleichert "  system  consists  of  two  parallel  stationary  wir 
ropes,  called  the  ''  bearing  ropes,"  anchored  at  one  end  and  straine 
as  required  at  the  other  end ;  thus  a  regular  and  certain  stress 
put  upon  the  ropes.    Along  the  line  from  terminal  to  terminal,  the 
bearing  ropes  are  supported  by  wood  or  iron  standards  of  spe 
improved  construction.     The   ends   of  the   two  bearing   ropes 
connected  by  switches  and  steel  shunt  rails  of  a  special  shape, 
that  the  buckets  or  cars  are  easily  run  off  from  one  bearing  rop 
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to  the  other  at  the  terminals.  Upon  these  fixed  ropes  the  bnckets 
or  cars  are  suspended  by  two  grooved  wheels  ;  while  a  hanger  and 
another  rope,  the  hauling  rope,  forming  an  endless  band,  working 
OTer  horizontal  pulleys  fixed  at  the  terminals,  effects  the  movement 
of  the  buckets  or  oars  along  the  bearing  ropes.  To  the  hauling 
rope  the  buckets  are  attached  by  one  of  two  patent  ^p  mechanisms. 
It  may  be  here  pointed  out  that  this  mechanism  is  the  vital  part 
of  an  aerial  wire  ropeway,  and  Bleicherts,  after  the  experience  of 
over  20  years  in  the  design  and  construction  of  wire  ropeways,  have 
introduced  and  patented  a  roller  friction  grip  for  use  on  inoUnes  up 
to  1  in  4,  which  automatically  adjusts  itself  to  the  varying  gradients 
of  the  track,  thereby  reducing  the  wear  and  tear  on  the  rope  to  a 
minimum,  and  at  the  same  time  being  a  perfectly  safe  attachment, 
lor  use  in  very  mountainous  countries,  with  great  spans  and  heavy 
gradients,  the  Bleichert  patent  lug  grip  is  used ;  this  is  absolutely 
Ncore  even  upon  gradients  of  1  in  1,  and  on  spans  of  1650  ft. 

If  required,  an  automatic  counting  mechanism  can  b  > 

the  ropeway,  registering  the  lyimber  of  loaded  buckets  ti  ; 

and  further,  by  means  of  the  Bleichert  patent  track  scales,  L 

backets  can  be  weighed  in  a  few  seconds. 
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IT  few  mineral  products  as  they  oome  from  the  mine  are  in  a 
state  for  comment  use,  and  in  most  instances  the  preliminary 
tion  is  one  intended  to  effect  their  reduction  in  size.  Obviously 
will  be  great  differences  in  the  size  desirable  in  various  articles, 
it  may  be  taken  as  a  leading  economic  principle  in  every  case  that 
*^^';  or  grinding  is  an  operation  which  can  be  best  and  most 
performed  in  stages,  and  that  it  is  impossible  with  any  hard 
»  to  reduce  it  to  a  fine  state  in  one  single  treatment,  either 
ively  or  at  so  little  cost  as  where  the  process  is  graduated, 
nmark  seems  unnecessary  if  only  on  common  sense  grounds, 
A»  persistent  manner  in  which  tne  principle  of  gradual  re- 
^Ti  IB  overlooked  warrants  attention  being  called  to  it  here.  At 
^age,  too,  screening  is  essential,  so  as  to  eliminate  as  quickly 
nbk  all  those  particles  which  are  sufficiently  small,  as  not 
^  those  particles  occupy  space  uselessly,  but  they  also  form 
iikm  for  the  larger  particles  and  reduce  the  crushing  effect  of 
maohine.  Where  power  costs  nothing,  or  next  to  nothing, 
conditions  may  be  to  some  extent  neglected,  especially  if  the 
r  entailed  in  attending  to  the  screens,  and  the  wear  and  tear 
tlie  screens  themselves  be  excessive. 
If  the  lumps  of  mineral  are  of  an  inconvenient  size  for  tramming. 

Bare  first  reduced  by  firing  a  charge  of  some  explosive  on  them, 
tben  by  large  hand  hammers.  The  next  step  is  tlie  **  crusher  "  or 
RHkbreaker,'*  of  which  several  forms  are  in  use. 
Oae  of  the  best  known  is  the  Blake,  with  its  many  imitations.  In 
•  machine,  at  every  revolution  an  eccentric  on  a  shaft  causes  a 
kbk  jaw  to  advance  about  ^  in.  towards  a  stationary  jaw.  Thus 
of  mineral  dropped  between  the  jaws  are  broken  by  each 
ing  bite,  the  fragments  falling  lower  and  getting  broken  again, 
diey  are  small  enough  to  pass  out  at  the  bottom,  the  distance 
ai  the  jaws  at  the  bottom  limiting  the  size  of  the  fragments, 
may  be  regulated  at  wiU.  This  crusher  is  made  in  sizes  rang- 
firom  a  machine  having  a  mouth  10  in.  by  8  in.,  and  giving  a 
ioct  of  4  tons  per  hour,  of  a  size  suitable  for  fine  pulverisers,  up 
ae  measuring  30  in.  by  24  in.  and  turning  out  23  tons  an  hour. 
Aiotiker  variety  of  jaw  crusher  differs  in  the  motion  being  given 
l^fte  crushing  jaw  from  a    crank-shaft,  instead  of  an  eccentric 

Itt  the  Bodge  crusher,  the  reciprocating  jaw  is  pivoted  at  its  lower 
^•0  that  the  movement  of  the  jaw  is  greatest  at  top  and  least  at 
Jtto^^  consequently  the  product  is  of  more  nearly  uniform  size  and 
■>Mof  the  product  being  regulated  by  the  distance  the  jaws  are 
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set  apart,  a  finer  product  is  obtainable,  though  at  the  cost  of  a  certain 
amount  of  capacity. 

The  principal  objections  to  jaw-crushers  are  {a)  that  the  jaw  does 
effective  work  only  during  its  forward  stroke ;  (6)  that  thin  flat  pieces 
of  rock  may  pass  without  being  broken ;  (c)  that  the  product  is  of 
varying  and  not  uniform  size. 

Gyratory  crushers,  such  as  the  Oates  and  the  Comet,  are  a  decided 
improvement  so  far  as  capacity  is  concerned,  for,  the  motion  being 
rotary,  every  portion  of  the  stroke  is  effective.  There  is  no  grinding 
action.  Gyratory  machines  are  more  costly  and  more  complicated, 
besides  requiring  more  power,  but  the  output  is  disproportionately 
greater  and  the  product  is  uniform. 

The  Coles  crusher  is  so  designed  that  each  set  of  jaws  has  a  very 
small  amount  of  breaking  or  reduction  to  perform.  It  has  two  pairs 
of  jaws,  each  pair  receiving  its  motion  from  one  vertical  moving  piece, 
as  in  ordinary  machines,  but  the  lower  pair  is  arranged  so  as  to  make 
two  strokes  while  the  upper  pair  makes  only  one,  by  arranging  toggles 
of  different  length.  Assuming  that  a  piece  of  rock  entering  the  upper 
jaws  is  broken  in  two — it  would  in  most  cases  be  broken  into  more- 
then  the  lower  jaw  is  supposed  to  be  able  to  take  the  product  from  the 
upper  jaw,  and,  with  its  short  length  and  double  frequency  of  stroke,  to 
break  that  material  and  effectively  give  a  uniform,  or  a  more  uniform, 
smaller  product.  Such  a  machine  is  proposed  as  being  capable  of 
performing  something  approaching  twice  the  work  of  any  ordinary 
stone-breaker,  and  it  is  suggested  as  a  means  of  obtaining  gradual 
reduction  and  enabling  the  machines  that  follow  to  receive  material 
much  more  likely  to  meet  their  capacity. 

The  Schranz  crusher  is  of  interest  as  forming  a  link  between  the 
ordinary  breaker  and  the  crushing  roll.  The  action  of  this  machine 
resembles  rolls  rather  than  crushers.  The  movable  jaw  has  a  rocking 
motion,  and  its  effective  action  is  absolutely  continuous  instead  of  ^ 
being  intermittent.  The  opening  of  the  outlet  being  constant,  the 
product  is  uniform  in  size,  and  excellent  work  is  done  by  this  mainline 
to  a  fineness  of  8  mm.  (say  \  in.),  at  a  rate  of  speed,  figure  of  cost,  and 
degree  of  wear  and  tear  far  surpassing  rolls. 

In  the  Lancaster  crusher,  the  jaw  is  hung  on  a  toggle  or  vibrating 
link  above,  and  attached  to  the  reciprocating  arm  below,  producing  a 
compound  motion,  with  beneficial  results  as  to  quantity  and  uni- 
formity of  output.  A  simple  mechanical  arrangement  of  the  driving 
gear  permits  double  the  number  of  reciprocations  at  a  given  speed  as 
compared  with  eccentrics  or  cranks,  and  a  lever  gives  control  over  the 
stroke  of  the  jaw  duiing  operation. 

The  most  remarkable  development  of  the  crusher  principle  is  the 
Blake  multiple-jaw  machine  which,  in  combination  with  an  ordinary 
breaker,  can  be  used  in  the  reduction  of  any  hard  ore  or  mineral  to 
almost  any  degree  of  fineness,  and  certainly  so  fine  that  aU  particles 
will  pass  a  30-meeh  wire  screen,  though  the  economical  limit  of  such 
a  system  of  crushing  will  probably  be  found  between  14-  and  20- 
mesh. 

In  the  construction  of  the  multiple-jaw  crusher,  the  main  ft1i<^ing 
or  toggle  jaw  is  replaced  by  main  swinging,  thus  doing  away  with 
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the  npwmrd  tlunst  on  the  tension  rods  and  consequent  wear.  Experi- 
ence has  alBO  shown  that  in  machines  of  not  oyer  \  in.  width  of 
opening  it  is  better  to  nse  several  small  machines  with  a  series  of  jaw 
openings  say  15  in.  x  \  in.,  than  a  single  large  machine  with  a  series 
of  openijigB  24  in.  x  ^  in.  or  36  in.  X  ^  in. 

It  is  a  necessary  condition  fur  most  economic  working  that  the 
material  to  be  operated  npon  be  sufficiently  dry  to  screen  readily,  so 
as  to  take  ont  the  fines  as  rapidly  as  made,  or  it  must  be  fed  with 
inch  an  exoess  of  water  as  will  ensure  successful  screening.  Accumu- 
lations will  mean  diminished  output  or  even  actual  stoppage. 

The  first  mill  built  on  this  system  was  for  the  Chateaugay  Com- 
pany in  1882,  and  it  crushed  many  thousand  tons  of  tough  magnetic 
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Fio.  67.— Blake  Multipli-jaw  Grcsheb. 

iron  ore  to  pass  a  ^  in.  round  screen.  Another  large  installation  was 
for  tike  Haile  gold  mine,  dealing  with  a  tough,  coarse  quartzite.  As 
at  first  arranged,  the  system  consisted  of  one  20  in.  X  10  in.  breaker, 
the  prodnct  of  that  going  to  a  30  x  5,  product  again  being  split  and 
pssBcd  to  parallel  sets  of  60  x  2  multiples,  each  with  three  jaws, 
leaving  at  approximately  |-in.  gauge,  and  going  thence  to  rolls  for 
reduction  to  40  mesh.  Fig.  67  illustrates  a  section  of  the  60  x  2 
midtiple-jaw. 

A  second  installation  for  the  Chateaugay  Company  was  erected  in 
1886,  with  a  daily  capacity  of  600  tons  from  15  in.  down  to  ^  in.  A 
iectional  elevation  of  this  mill  is  shown  in  Fig.  68.  The  ore  is 
bionght  to  the  mill  by  rail,  in  side-dumping  cars,  carrying  on  the 
average  7i^  to  8  tons  each.  The  mill  consists  of  two  groups  or 
■Jttems  of  crushers,  with  elevating  and  screening  appliances,  each 
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group  being  an  exact  duplicate  of  the  other,  a  "jack-pulley"  on 
main-line  sifting  being  placed  centrally  between  them.  Each  group 
confiists  of  the  following  crushers : — one  20  x  15,  crushing  fix)m  15  in. 


t 
> 
m 


a 


e 


to  2  or  2 J  in.  Product  of  each  20  x  15  is  divided,  going  to  two 
30  X  58.  Product  of  30  X  58  is  elevated  and  screened ;  that  paadng 
\  in.  round  hole  is  finished  product,  as  far  as  crushing  is  concerned, 
and  is  carried  to  the  jigs.     The  "coarse,"  li  ix)  ^  in.,  goes  to  three 
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60  X  2  mnltiple-cniBhers,  each  with  3  jaw  openings  20  x  2  in. 
Product  of  these  is  elevated  and  screened,  formerly  through  holes 
\  in.  diam.,  now  through  -j^  in.  holes.  That  passing  through  the 
xV  screen-holes  goes  to  jigs ;  that  going  through  4^  in.  holes  goes  to 
two  15  X  7  fine-cmshers.  Each  of  the  15  x  ^  crushers  has  7  jaw 
openings,  each  15  x  j^  in.  Material  not  passing  \^  in.  holes,  but 
going  out  the  end  of  screen,  goes  back  to  the  60  x  2  multiple  crushers. 
Product  of  15  X  ^  fine-crushers  is  elevated  and  screened,  material 
not  passing  ^  in.  holes  returning  to  them.  Each  group  of  crushers 
has  3  jigs. 

The  actual  quantity  crushed  from  Sept.  1886  to  January  1888 
WIS  122,814  tons  of  2240  lb.,  at  a  cost  for  crushing  and  concentration 
of  34*36  cents  (1».  5d.)  per  ton,  distributed  as  follows : — 

Fuel  for  power 7  cents  or  3M* 

Labour 17    „  „  SJd. 

Oil,  waete,  &0. 2    „  „  Id. 

Benewala  and  repairs        8    „  „  4(i. 

Total        34    „       „  U  5(2. 

This  economy  is  the  more  remarkable  when  it  is  considered  that 
the  ore  instead  of  being  reasonably  dry  for  screening  was  often  wet 
or  frozen.  With  really  dry  ore,  or  with  the  adoption  of  efficient  wet 
•creening,  the  cost  could  doubtless  be  much  reduced,  in  favourable 
instances  perhaps  to  as  low  a  figure  as  1«.  or  24  cents  a  ton.  Acci- 
dental intmsion  of  foreign  bodies  such  as  gads  and  picks  does  not 
result  in  injury  to  the  machine.  Packing  of  all  the  jaws  with  damp 
fine  stuff  mixed  with  the  coarse  is  a  much  more  serious  matter,  which 
ttust  be  avoided  by  proper  screening. 

Ordinary  Cornish  rolls  are  a  simple  form  of  machine  for  crushing 
mineral  after  it  has  passed  through  a  breaker  and  reducing  it  to 
perhaps  20  mesh.  In  their  range  of  applicability  and  general  qualities 
they  compare  with  fine  jaw-breakers,  and  there  is  not  much  to  choose 
between  these  two  classes  under  ordinary  conditions.  The  substitu- 
tioo  of  steel  eprings  or  rubber  buffers  is  a  great  improvement  on  the 
old  weighted  lever  principle. 

Where  rolls  are  to  be  used  at  all,  Erom's  system  is  much  to  be 
preferred  to  the  old  Cornish  pattern,  the  principal  advantages  being : — 
(a)  That  the  crushing  tyres  are  made  of  forged  steel,  and  are  firmly 
»nd  simply  secured  to  the  shafts  by  cone-shaped  heads  ;  (6)  that  belt- 
piilleyB  are  substituted  for  tooth  gearing,  enabling  the  rolls  to  be  run 
»t  any  desired  speed,  thereby  increasing  their  capacity;  (c)  the 
adoption  of  swinging  pillow-blocks ;  (<i)  that  the  crushing  strain  is 
taken  up  by  bolts,  mounting  powerful  springs ;  (e)  that  a  special  form 
of  hopper  spreads  the  ore  evenly  across  the  face  of  the  rolls. 

The  chief  point  determining  the  value  of  rolls  is  whether  the  faces 
of  the  tyres  wear  evenly,  and  do  not  become  grooved.  The  life  of 
Krom's  rolls  is  prolonged  by  their  being,  in  general,  arranged  in 
double  sets,  one  pair  receiving  bean-sized  ore  from  the  breakers,  the 
other** finishing"  or  finely  pulverising  the  screened  coarser  produce 
of  the  first  pair.  At  the  Bertrand  Mill,  Nevada,  Erom's  rolls  are 
stated  to  crash  50  tons  of  hard  quartzose  ore  in  12  hours,  to  pass 
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through  a  16-me6h  screen;  while  in  the  Mount  Corry  Mill,  Nevada, 
50  tons  are  reduced  to  SO-mesh  in  the  same  time ;  and  the  pulverising 
is  so  done  as  not  to  cause  the  production  of  an  excessive  quantity  of 
"  slimes."  The  very  fine  dust  produced,  in  greater  or  smaller  quantity, 
according  to  the  character  of  the  rock,  may  be  separated  by  erhaustion 
with  a  fan. 

The  average  speed  of  the  rolls  is  80  to  100  rev.  per  minute.  Two 
sets  of  26-in.  rolls  with  faces  15  in.  long  give  rather  more  effective 
crushing  surface  than  50  gravitation  stamps,  each  8  in.  diam.«  falling 
at  the  rate  of  90  drops  a  minute,  the  average  diameter  of  the  rolli 
being  taken  as  only  24  in.,  so  as  to  allow  for  their  gradual  wearing, 
while  their  speed  is  taken  at  100  rev.  a  minute. 

Krom's  rolls  were  designed  as  dry-crushers.  On  the  other  hand, 
a  small  percentage  of  moisture  will  not  prove  a  serious  disadvantage, 
unless  such  slightly  moist  ore  be  argillaceous.  An  accident  to  any 
part  of  the  machine  causes  a  stoppage  of  the  whole ;  but  this  defect 
is  of  less  importance,  because  the  whole  operation  is  so  graduated  and 
regular  that  there  is  little  room  for  accidents. 

Krom  rolls  as  made  by  Bowes  Scott  &  Western,  London,  are  much 
superior  to  the  original  pattern. 

Though  designed  for  dry  crushing,  and  occupying  the  foremost 
position  of  any  machine  in  the  market  for  dry  crushing  to  a  fine 
mesh,  these  rolls  are  being  largely  used  as  wet  crushers.  In  one 
instance,  with  copper  ores  not  needing  to  be  crushed  very  fine,  six 
sets  of  rolls,  each  consisting  of  three  pairs,  are  turning  out  1000  tons 
a  day,  and  working  very  satisfactorily ;  but  any  attempt  to  increase 
the  fineness  influenced  the  output  largely.  The  rollers  are  removed 
immediately  they  show  signs  of  wear  from  the  last  mill  to  the  first 
of  the  series. 

At  a  dressing-floor  belonging  to  the  Mosel-Labn  Company,  at 
Trier,  rolls  are  used  to  crush  per  hour  3  to  3^  tons  of  wet  ore,  fh>m 
bean-size  to  pass  2  mm.  (say  ^^  in.)  circular  holes,  without  incon- 
venience so  long  as  the  rolls  are  kept  clean  by  a  jet  of  water.  A  way 
of  reducing  the  drawbacks  attendant  on  the  uneven  wear  of  the  rolls, 
which  must  happen  to  a  certain  extent  in  every  case,  is  to  cast  the 
rolls  extra  heavy  in  the  first  place  and  to  fix  a  slide-rest  to  the  frame, 
so  that  the  face  of  the  rolls  can  be  turned  whenever  desirable  without 
removing  them  at  all. 

A  system  of  convex  and  concave  rolls  has  been  introduced  by 
Bowers,  for  which  it  is  claimed  that  there  is  a  grinding  action  inci- 
dental to  their  form,  and  that  they  have  no  tendency  to  end  thrust  or 
wear  against  the  collars. 

Stamps  consist  of  a  series  of  heavy  pestles,  shod  with  iron  or  steel, 
arranged  in  *'  batteries  "  of  5  stamps  each.  These  pestles  are  lifted  by 
cams  keyed  on  a  horizontally  revolving  shaft,  resting  in  bearings 
secured  to  the  framework  of  the  battery,  and  dropped  in  a  certain 
order,  e.  g.  1,  4,  2,  5,  3,  upon  ore  fed  into  a  mortar  box  or  coffer,  and 
lying  upon  a  false  bottom  of  iron  or  steel  dies.  As  the  ore  becomes 
sufficiently  fine,  it  is  ejected  from  the  mortar  through  a  grating  or 
screen  of  perforated  metal  or  wire  cloth.  The  chief  advantages  of 
stamps  are :— (a)  Simplicity  of  working  parts  and  tolerance  of  ill- 
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sage ;  (fr)  most  repairs  can  be  effected  by  an  ordinary  smith,  and  do 
£>t  entail  stoppage  of  a  whole  mill ;  (c)  wearing  parts  are  simple 
Bstings;  (d)  eyery  millman  understands  them,  or  thinks  he  does. 
Lgainst  these  advantages  it  mnst  be  said : — (a)  that  they  require 
eiy  costly  foundations ;  (2>)  that  they  are  not  adapted  to  dry  crash- 
Dg  though  sometimes  so  employed ;  (c)  that  they  turn  out  a  very 
meven  product  owing  to  the  impossibility  of  ejecting  each  particle 
B  80(m  as  it  is  small  enough ;  (c2)  which  also  means  that  much  power 
B  oonsiuned  in  doing  useless  and  for  some  purposes  injurious  work. 

The  effective  capacity  of  a  stamp  battery  depends  upon  many 
onditions,  ari^ing  from  the  nature  of  the  mineral  and  the  operations 
rhich  are  to  succeed  the  crushing,  as  well  as  from  peculiarities  of  the 
Nittery  itself.  Chief  among  the  latter  are  the  nature  of  the  blow  (due 
0  the  weight  of  the  stamp,  the  height  it  falls,  its  speed,  whether 
t  rotates  or  not),  the  rate  and  regularity  of  feed,  the  character  of 
ibe  wearing  surfaces  (shoes  and  dies),  the  gauge  and  inclination  of 
ihe  screens,  and  the  supply  of  water  for  carrying  out  the  "  pulp  "  or 
TQshed  ore.  The  product  of  every  mine  may  be  said  to  possess  special 
^MitTires  demanding  a  certain  combination  of  qualities  in  the  stamp 
»tterjr  in  order  to  give  a  maximum  economy,  yet  it  is  very  seldom 
thought  worth  while  to  experiment  with  an  ore  before  erecting  the 
fattteiy,  a  stereotyped  pattern  being  adopted  without  any  thought. 

To  overcome  some  of  the  faults  inherent  in  the  ordinary  falling 
V  gravitation  stamp  various  devices  have  been  introduced.  One  of 
tbese,  due  to  Harvey  &  Co.,  of  Hayle,  is  a  second  cam  shaft  to 
hasten  the  blows  of  the  stamps,  by  which  they  can  be  increased  from 
^  to  250  a  minute.  Automatic  feeders  are  essential  for  good  work, 
>od  must  be  adapted  to  the  nature  of  the  ore. 

The  so-called  **  steam-stamp "  consists  of  a  single  stamp  head 
^ked  by  a  direct-acting  vertical  engine — a  steam  hammer  in  fact 
—in  a  mortar  having  a  discharge  screen  on  all  sides.  Its  capacity 
»  great,  where  coarse  crushing  is  all  that  is  desired,  but  it  compares 
nry  nnfavourably  with  fine  jaw-breakers  even  in  this  application  ;  it 
ii  alt(^ether  unsuited  for  fine  work,  and  notably  increases  the  pro- 
portion of  "  slimes." 

Ab  the  stamp  is  only  effective  at  the  moment  of  its  fall,  firstly  in 
cfwhing  the  ore,  and  secondly  in  splashing  the  pulp  over  the  screen, 
tti  obvious  method  of  increasing  its  effectiveness  is  to  multiply  the 
nnmher  of  drops  per  minute.  One  pi-actical  way  of  doing  this  is 
with  the  double  cam,  already  alluded  to ;  another  is  by  providing  an 
ftir-cQ^on  to  raise  the  stamp  and  drive  it  down ;  ana  a  third  is  by 
kttachmg  a  steel  spring.  In  Husband's  stamp  the  rapidity  of  the 
UowB  is  thus  augmented.  The  stems  of  the  stamps,  usually  a  pair, 
work  in  pneumatic  cylinders.  Each  cylinder  is  pierced  with  holes 
*^t )  in.  diam.,  above  and  below  the  central  position  of  the  piston ; 
*o  that  when  the  piston  momentarily  occupies  the  mid-position,  air 
»t atmospheric  pressure  filb  both  ends  of  the  cylinder.  The  cylinder, 
^*emg  coupled  to  the  crank-shaft  by  connecting-rods,  is  raised  by 
^ts  rotation,  the  air  in  it  below  the  piston  is  compressed,  and  the 
■^p  is  thereby  pushed  up.  Similarly,  the  downward  motion  of  the 
'Tlinder  causes  a  compression  of  the  air  above  the  piston,  which 
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urges  the  stamp  down  with   greater  velocity  than   it  would  ha' 
by  virtue  of  its  weight  alone.    This  arrangement  gives  the  Btam 
a  &11  several  inches  greater   than   that   given  by  the   crank, 
contrivance  may  be  added  for  rotating  the  stamps,  so  as  to  bdm 
even  wearing  of  shoes  and  dies.     The  effective  capacity  of  a  sing 
Husband  stamp  is  stated  to  be  about  6  times  as  great  as  that  of  % 
ordinary  gravitation  stamp  of  the  same  weight,  and  under  prop 
management  their  working  generally  is  attended  with  satis^ctoi 
results.     The  air-cushions  formed  between  the  ends  of  the  cylinde 
and  the  pistoDS,  besides  increasing  the  effective  capacity  of  the  stam 
reduce  the  jar  on  the  machine.     Other  advantages  are  portability 
small  consumption  of  power.     But  it  seems  best  suited  for  coarse 
medium  pulverising,  owing  to  the  difficulty  attending  the  use  of  thin' 
screens  in  machines  of  such  large  capacity. 

A  four-head  battery  of  Husband  stamps,  working  on  hard  tin  ore 
at  Tregurtha  Downs  mine,  Cornwall,  during  1889  stamped  2ftJ  tons 
a  day  per  head  including  all  stoppages,  to  pass  a  No.  36  grating. 
consnming  23^  indicated  h.p.  per  head,  and  costing  4^.  per  ton  for 
renewals  and  repairs.  These  figures  are  about  six  times  as  favour- 
able as  for  gravitation  stamps,  to  say  nothing  of  the  reduced  size  of 
building  requirefl,  and  lessened  wear  and  tear.  Punched  metal  screens 
last  much  better  than  wire  cloth.  Of  course,  the  introduction  of  the 
air-cushion  means  an  additional  complication  of  the  machine,  which 
would  be  a  disadvantage  in  some  cases,  as  for  instance  where  skilled 
labour  was  not  procurable,  or  where  low  temperature  would  be  likely 
to  create  trouble  by  formation  of  ice  in  the  pneumatic  cylinders. 
Much  lubrication  is  also  necessary,  and  may  contaminate  the  product 
unless  care  be  taken. 

The  peculiar  principle  of  the  Elephant  stamp  lies  in  the  intro- 
duction of  semicircular  bow  springs,  compressed  at  their  ends  by 
helical  springs,  between  the  crank-shaft  and  the  lever,  which, 
receiving  the  force  of  the  recoil  from  the  blows  of  the  stamps,  store 
it  up,  and  give  it  out  at  the  next  descent  of  the  crank,  effecting  a 
certain  saving  of  power.  The  springs  also  act  as  cushions,  and  take 
up  a  great  part  of  the  wear  and  tear  of  the  machine.  Two  heads  of 
Elephant  stamps  are  stated  to  be  capable  of  stamping  12  to  15  tons  of 
hard  quartz  per  24  hours  fine  enough  to  pass  wet  through  SO-mesh 
.screens.  They  are  considerably  cheaper,  lighter,  and  more  easily 
transported  and  erected  than  ordinary  stamps,  and  require  less  driving 
power  for  the  same  effective  capacity ;  being  less  simple  they  mn 
greater  risk  of  injury,  and  are  by  no  means  so  easy  to  repair,  while 
the  lateral  wear  on  the  top,  caused  by  the  levers  carrying  the  heads, 
is  excessive,  and  that  of  the  heads  themselves  is  uneven. 

It  is  very  interesting  to  note  that  while  engineers  generally  point 
with  pride  to  the  increased  capacity  gained  by  the  introduction  of 
circular  rotating  stamps,  the  most  recent  development  in  Grermany, 
where  stamp-batteries  were  invented,  is  a  stamp-head  rectangular  in 
section.  These  are  placed  in  batteries  of  11  instead  of  5,  occupying 
only  the  same  space  by  reason  of  their  being  closer  together — less 
than  \  in.  apart — and  this  arrangement  is  said  to  have  given  very  good 
and  economical  results  for  fine  crushing. 
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Among  edge-nmner  mills,  the  most  familiar  and  widely  used  is 
16  simple  yet  cnmbersome  Chili  mill,  of  whiph  it  may  be  said  that 
0  maohine  has  a  better  record  in  practice,  though  it  is  the  fashion  to 
espise  it  by  reason  of  its  rudeness.  Properly  used,  the  Chili  mill  is 
most  oBefol  machine.  It  is  urged  against  it:  (a)  that  the  runners 
re  80  bulky  and  heavy  that  they  cannot  be  transported  up  countiy ; 
»)  that  the  material  bein^  crushed  is  apt  to  run  away  in  front  of  tne 
mner ;  (c)  that  a  reduction  to  impalpable  powder  results  rather  than 
granular  comminution ;  (d)  that  much  power  is  wasted  by  reason 
fthe  excesBive  friction  at  the  end  collars  of  the  spindles  owing  to 
M  centrifugal  motion  of  the  runners. 

Against  all  these  indictments  it  will  be  sufficient  to  quote  one 
umple  of  the  highly  successful  introduction  of  a  Chili  mill  (by 


FiQ.  69. — Cmu  MUiL. 

ffiake  of  New  Haven)  into  a  works  for  reducing  very  hard  mineral 
^m  \  in.  till  it  would  pass  a  40-mesh  screen.  Each  runner  of  the 
Bill,  as  shown  in  cross-section  in  Fig.  69,  weighed  about  a  ton  and 
MMured  4  ft.  diam.  and  8  in.  across  the  face,  the  distanoe  between 
Mitsides  being  4  ft  2  in.  The  central  spindle  carrying  horizontal 
Kxis  on  which  the  runners  revolved,  made  40  rev.  a  minute.  The 
kyns  of  the  runners  were  of  hard  white  iron  8  in.  thick ;  and  the  bed 
^  the  pan  carried  segmental  dies  of  best  chilled  iron,  and  was  sur- 
nmnded  bv  an  endoeure  of  sheet  iron  4  ft.  hi^h  to  retam  the  splashes 
of  ore  and  water.  The  crushed  ore  was  discharged  from  the  pan 
Vy  &  current  of  water  on  to  the  inner  peripherv  of  revolving  screens  of 
^t^-mesh,  quite  separate  from  the  mill.  The  output  reckoned  on 
tlu)iitazids  of  tons  was  at  the  rate  of  Sf  tons  of  the  hardest  and  tough- 
«it  quartdte  per  hour  per  t"i11,  at  a  cost  for  power  far  less  than  by 
n>UA.    For  3000  tons,  the  wear  on  the  runners  was  \  in.,  and  on  the 
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segmental  diee  ^  to  |  in.,  the  total  amount  being  equal  to  *12  lb.  o( 
iron  per  ton  of  ore. 

An  excellent  form  of  Chili  mill  is  made  by  the  Hnmboldt  Engi- 
neering Works,  of  Ealk,  near  Cologne,  containing  some  improTementi 
of  their  own  introduction.  One  of  the  most  important  of  these  is  that 
the  runners  are  carried  on  cranked  axles,  which  pivot  in  bearings  o& 
the  head  of  the  vertical  shaft,  so  that  each  runner  can  rise  indepen- 
dently of  the  other,  remaining  at  the  same  time  perpendicular.  In 
the  older  patterns  the  runners  are  carried  on  a  common  axle,  depen- 
dent on  each  other,  and  as  it  does  not  often  happen  that  they  an 
passing  over  stones  of  equal  size,  they  are  the  greater  part  of  the  time 
indin^  from  the  vertical.  A  fannel  rotates  with  the  vertical  shaft 
and  feeds  the  material  equally,  while  a  scraper  continually  spreadi 
the  material ;  the  capacity  of  &e  mill  has  been  thereby  considerably 
increased,  as  compared  with  the  older  pattern.  The  cast-iron  runnen 
have  renewable  chilled  iron  tyres ;  the  grinding  bed  of  the  pan  ak) 
consists  of  a  renewable  chilled  iron  ring,  in  two,  three,  or  four  parti, 
according  to  size.  Chilled  iron  lasts  longer  than  cast  steel.  To  avdd 
as  much  as  possible  the  diffasion  of  dust  which  occurs  in  dry  grinding 
most  materials,  the  runners  have  a  casing  of  sheet  iron,  through  th» 
top  of  which  only  the  feeding  hopper  protrudes;  these  casings  aie 
made  in  two  parts  for  ease  of  removal,  and  are  further  provided  wi^ 
tightly  closing  doors. 

The  Bryan  roller  mill  is  a  modification  of  the  Chili  without  anj 
obvious  superiority.  Neate's  "dynamic  grinder"  appears  to  difiisr 
chiefly  in  having  the  runners  inclined  inwards  until  the  centrifugal 
force,  at  the  predetermined  speed,  exactly  balances  the  tendency  to 
fall  inwards,  thus  relieving  the  end  collars*  This  machine  has  given 
great  satisfaction  in  cement-grinding. 

Another  development  of  the  roller  mill  is  the  Schranz  fine-omshec, 
employed  at  Lauremburg,  on  the  Lahn,  for  reducing  the  mixed  pro* 
ducts  from  the  fine  jigs.  This  mill  consists  of  a  revolving  pan  ani 
3  conical  rollers.  The  rolls  revolve  on  spindles  fixed  radially  at  at 
angle  to  each  other  of  120^  The  inner  ends  of  the  spindles  an 
rigidly  fixed.  The  outer  ends  move  in  a  frame,  and  are  capable  of 
being  pressed  down  by  means  of  set-screws  and  rubber  buffers  on  to 
the  revolving  pan,  or  annular  crushing  ring.  As  the  pan  revdvoi^ 
the  rolls  are  driven  by  frictional  contact,  the  fact  that  they  an 
conical  preventing  any  grinding  action  and  consequent  production  d 
slimes.  The  ore,  which  has  been  reduced  in  a  rocking  crusher,  a 
passed  successively  beneath  each  of  the  3  rolls,  under  increasiog 
pressure,  and  on  escaping  from  the  third  is  washed  into  a  launder  foi 
further  treatment. 

The  Huntington  mill  has  gained  a  prominent  position  as  a  c(R» 
petitor  with  stamps  in  wet-orushing  gold  ores.  It  coDsists  of  a  seriei 
of  circular  pestles  hung  by  yokes  so  as  to  revolve  inside  a  casing,  tbi 
centrifugal  action  bringing  them  into  close  contact  with  a  circnlai 
steel  ring-die,  and  the  ore  being  pulverised  by  being  thrown  into  thi 
palii  of  the  rollers.    For  soft  or  argillaceous  material  the  maoh' 


^oes  well,  but  its  success  with  really  hard  ores  is  very  doubtful,  uk 
in  any  case  it  demands  skilled  attendance.    Though  nkuoh  rnotf^ 
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quickly  and  cheaply  erected  than  stamps,  and  consuming  less  power 
in  working,  the  Huntington  mill  is  more  liable  to  injury  and  more 
iitacoessible  for  repairs,  besides  doing  less  work,  and  being  much  more 
difficult  to  feed.  Its  true  sphere  seems  to  be  in  fine-grinding  for 
finishing  an  already  ground  material,  as  the  abundant  area  available 
for  screens  provides  a  rapid  discharge.  Highly  sulphuretted  ores  will 
not  iBRie. 

Becent  years  have  witnessed  the  introduction  of  a  number  of  r^ 
indng  madhines  depending  on  the  action  of  a  revolving  ball  or  series 
^balls. 

One  of  the  earliest  to  claim  attention  was  the  Olobe  mill,  since 
Dodified  and  renamed  the  Cyclops.  In  this  a  single  free  ball  of  hard 
Bwtal  is  carried  round  in  a  vertical  plane  by  frictional  contact  with  a 
)air  of  flexible  discs  fitted  on  a  horizontally  revolving  shafb,  the 
Ending  being  done  between  the  ball  and  a  grooved  circular  path, 
rhis  machine  has  considerable  capacity,  but  it  is  heavy  and  compli- 
ftted,  and  much  power  is  wasted  in  raising  the  ball  during  half  of 
ach  revolution,  entailing  also  uneven  wear. 

Jordan's  fine-reduoer  is  on  a  much  better  principle,  a  revolving 
«n  carrying  3  large  white  iron  balls,  while  the  oenl^  of  the  pan  is 
bmed  and  fitted  with  screens,  over  which  the  pulp  is  constantly 
rashed,  and  can  thus  readily  escape  as  soon  as  it  is  fine  enough,  avoid- 
Dg  that  perpetual  grinding  and  regrinding  which  is  such  a  glaring 
lolt  in  most  machines.  Excellent  work  has  been  done  by  the  Jordan 
nlveriser  in  reducing  hard  mineral  to  pass  through  an  dO-mesh 
ereen. 

The  Cravrford  mill  is  a  rotating  pan  carrying  a  series  of  8  small 
alls,  and  is  remarkable  for  dispensing  entirely  with  screens  and  rely- 
ig  upon  a  current  of  water  for  overcoming  the  specific  gravity  of  the 
lineral  and  floating  it  away  as  soon  as  fine  enough.  For  operations 
a  a  limited  scale  this  seems  to  be  a  useful  little  machine,  simple, 
>mpact,  self-contained,  cheap,  and  easily  erected  and  set  to  work, 
t  operates  efficiently  down  to  120  mesh,  which  few  other  machines 
uk  do. 

A  multiple  ball  mill  made  at  the  Oruson  works,  Magdeburg,  and 
iToured  in  Germany  for  dry  crushing,  depends  partly  upon  a  stamp- 
ig  action,  the  balls  being  picked  up  and  dropped  during  each  rotation, 
be  power  required  is  smaU,  and  tiie  output  is  relatively  large,  but 
16  wear  and  tear  of  the  crushing  surface  is  excessive.  The  machine 
IS  been  nsed  chiefly  on  cement  clinker  and  basic  slag. 

Probably  the  best  form  of  ball  mill  using  a  number  of  balls  is  that 
ade  by  the  Humboldt  Engineering  Works,  in  which  the  screening 
»plianoe6  and  the  arrangements  for  renewing  the  most  rapidly  wear- 
g  parts  are  greatly  improved.  . 

Quite  a  number  of  so-called  '*  pneumatic  pulverisers  "  have  been 
trodnoed  of  late  years,  in  which  currents  of  air  are  supposed  to 
arge  themselves  with  the  material  to  be  pulverised,  and  bring 
out  mutual  comminution  of  the  particles  by  attrition  among  them- 
Lveo.  These  machines  display  great  ingenuity,  but  consume  much 
met  for  a  small  capacity  of  work,  and,  the  ''  attrition  "  being  impar- 
klhr  distributed,  the  wear  and  tear  on  the  interior  of  the  machines 

k2 
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is  excessiye.    They  may  haye  a  useful  sphere  with  sabstanoes  of  oiilj 
moderate  hardness. 

One  of  the  principal  economic  features  of  all  reducing  machinerj 
must  necessarily  be  the  durability  of  the  wearing  surfaces,  and  apaj 
from  considerations  determined  by  the  special  needs  of  the  minen^ 
under  treatment,  the  manufacturer  should  be  guided  by  this  circnn^ 
stance  in  his  choice  of  the  metal,  alloy,  or  other  substance  oompoebj 
the  actual  grinding  surfaces.  In  the  United  States,  chrome  steel  ha{ 
largely  come  into  use  for  stamp-shoes,  and  in  this  country  Had£eld 
haye  adopted  manganese  steel  with  great  success  in  roUs,  omshei 
jaws,  and  stamp  castings. 

Experiments  made  at  the  Bobinson  mill,  Johannesburg,  in  1892 
showed  that  chrome  steel  shoes  and  dies  lasted  on  the  ayerage  abon 
80  to  85  days  longer  than  Fraser  &  Ohalmers'  Bessemer  steel,  o 
Sandycroft  forged  steel,  when  crushing  about  5  tons  per  head  per  2 
hours. 

Another  part  of  the  mill,  whateyer  its  kind,  which  has  to  wii 
stand  excessiye  wear  and  tear,  is  the  screen  or  grating  through  whii 
the  pulyerised  material  must  pass.  These  are  either  of  ptmchi 
metal  or  of  wire  cloth,  and  a«  much  delay  is  caused  in  replacing  woi 
screens,  it  is  essential  to  haye  the  best  quality  procurable  and  of 
suitable  kind.  An  excellent  article  is  turned  out  by  Greening, 
Warrington,  Lancashire. 
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Thi  object  of  oonoentiatiDg  ores  is  to  separate  the  useful  from  the 
QselesB  portionsy  and  to  sort  the  valuable  minerals  from  each  other. 
It  should  be  carried  out  as  near  the  mine  as  possible,  to  avoid  carriage 
&f  worthless  materiaL  Water  is  essential,  and  dressing-floors  shomd 
be  arranged  so  that  the  matters  can  be  moved  forward  in  a  measure 
by  their  own  specific  gravity,  otherwise  extra  cost  will  be  incurred  for 
^yidng. 

The  specific  gravities  of  minerals  commonly  met  with  are  as 
follows: — 


Gold  (always  containing 

nmenlfer)       ..     ..  12-7-19-8 

Meraury 10-6 

Sitfer     10-5 

Copptf 8-4-9 

Iroo 7-5 

Galena 7-5 

CMritflrite      6-4-7*1 

Chmabar        6*7-8*2 

Mapiekel       60-6*2 

Pnostita        •      5*5 

Iioa  pyrites 4*8-5*2 

FiUert 5-0-5] 

Pvpla  copper  oie        ..      4*9-5*1 


Magnetite 4*8-5*2 

Stibnite     4*6 

Barytes      4*3-4*7 

Oppper  pyrites  ..     ,.     ..  4*1-4*8 

Zincblende       4*1 

Chalybite 8*6-8*9 

Calamine 8-8-8*6 

FlnoTspar 8*1 

G^tlcite       2*6-8*0 

Felspar      2*5-2*9 

Quarts        2*5-2*7 

Gypsum     2*2-2*4 

Coal 1-2-1-5 

Lignite      1*2-1*4 


Deoompoeed  silver  and  other  ores  are  difficult  to  dress,  especially 
if  easily  powdered,  e.  g.  malachite,  argentiferous  cemssite,  cinnabar, 
and  spangles  of  native  silver.  It  is  difficult  to  separate  zincblende, 
copper  pyrites^  iron  pyrites,  mispickel,  and  barytes  from  silver  ores ; 
wi&am  from  tin  ores;  chlorite  and  epidote  from  copper  ores;  and 
chahrbite  from  copper  pyrites  and  galena. 

The  following  minerals  are  affected  by  the  association  of  those  in 
l)rackets: — 

Hematite,  limonite,  and  chalybite  (iron  and  copper  j^rites  and 
apatite  are  injurious). 

Caadterite  (iron  pyrites,  copper  pyrites,  mispickel,  and  zincblende 
are  injurious;  bismuth  makes  the  colour  dull:  copper  makes  it 
brittle). 

Lead  (arsenic  makes  it  brittle ;  antimony  makes  it  hard ;  fluor- 
ipar  promotes  its  fusibility;  chalybite  aud  barytes  are  also  advan- 
tagecrtw). 

Zinc  (lead  spoils  it)» 

Copper  (lead  must  be  separated  from  it  if  the  coppeFis  to  be 
treated  by  precipitation  process.) 
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Silver  (lead  and  antimony  are  injurious  for  the  amalgamation 
process ;  also  talc  for  chlorination.) 

Cobalt  (for  bine  paint:  calcspar,  brownspar,  manganese  spar, 
bomstone,  fermginons  qnartz,  and  galena  are  injtirions ;  nickel,  wnen 
predominant,  imparts  a  red  tinge ;  arsenic  intensifies  the  bine  colour, 
and  renders  it  more  agreeable). 

Magnetite  (mica,  lime,  garnet,  angite,  and  hornblende  promote 
its  fasibility). 

Anriferons  pyrites  (for  chlorination  process,  talc  and  tellnridee 
are  injnrions). 

"Wlien  pieces  of  different  minerals  of  the  same  size  are  allowed  to 
settle  in  water,  the  heavier  particles  fall  first.  When  pieces  of  dif- 
ferent minerals  of  the  same  weight  are  subjected  to  a  flow  of  water 
sufficient  to  move  them  along,  the  specifically  lighter  material,  having 
a  larger  surfietce  exposed,  is  washed  away  quickest. 

Jig: — The  process  of  "jigging"  or  "hutching"  is  resorted  to 
chiefly  in  the  dressing  of  minerals  in  fragments  of  comparatively 
large  grain,  such  for  instance  as  are  delivered  by  jaw-crushers.  The 
charge  of  ore  is  placed  in  a  sieve  or  frame  having  a  bottom  of  wire 
gauze  or  perforated  metal  plate,  where  it  is  subjected  to  a  series  of 
small  lifts  or  jerks  in  rapid  succession  from  water  being  forced 
upwards,  by  which  means  tiie  lighter  earthy  fragments  are  gradually 
collected  at  the  top,  while  the  clean  ore  accumulates  on  the  bottom^ 
The  jigging  motion  is  produced  either  by  jerking  the  sieve  up  and 
down  in  a  cistern  of  water,  or  by  forcing  water  up  mrough  the  bottom 
by  means  of  a  pisten.  In  its  crudest  form,  the  operation  is  inter- 
mittent, being  suspended  during  charging  and  discharging,  but  it 
may  easily  be  made  continuous. 

Within  its  proper  sphere  no  substitute  for  the  jig  has  been  found 
that  does  the  wonc  as  well  or  as  cheaply.  Ite  capacity  is  large,  it 
requires  but  little  attention,  and  the  losses  of  ore  are  small.  In  one 
form  or  another,  it  is  the  principal  machine  used  in  the  concentration 
of  low-grade  ores,  and  for  the  separation  of  one  metallic  mineral  from 
another ;  and  it  is  almost  the  only  machine  used  for  the  purification 
of  coaL 

There  are  two  recognised  systems  of  jigging,  the  English  and  the 
Continental  or  German.  The  English  system  is  a  development  of 
the  hand-jigging  formerly  employed  in  Cornwall  and  other  metal- 
liferous districts  of  England.  In  this  method  the  crushed  ore,  coarse 
and  fine  together,  is  ^t  jigged  on  a  hand-sieve  with  coarse  meah ; 
and  the  fine  stufl^  somewhat  concentrated  by  passing  through  the 
bed  of  coarse  mineral-grains  on  the  sieve,  is  again  jigged  on  a  sieve 
of  finer  mesh.  In  the  adaptetion  of  the  system  to  machine-jigging, 
many  modifications  of  detau  have  been  necessary.  The  general  treat- 
ment, however,  is  the  same,  and  includes  a  preliminary  jigging 
on  roughing-jigs,  followed  by  a  concentration  of  the  hutdhwork  on 
finishing-jigs  of  finer  mesh.  In  both  roughing-  and  finishing-jigs,  a 
bed  of  mineral  is  maintained  on  the  sieve,  and  the  concentration  is 
mainly  effected  by  jigging  through  this  bed.  The  Continental  or 
German  system  starts  with  a  size-dassifioation  by  screens,  after  which 
the  different  sizes  are  treated  on  separate  jigs. 
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There  are  also  oombinations  of  the  two  systems.  The  use  of  a 
bed  of  mineral-grams,  and  oonoentration  by  jigging  through  the  sieve, 
hfts  been  adopted  in  Continental  practice  for  fine  jigging*  At  the 
Lake  Superior  dressing-works,  a  somewhat  imperfect  size-classification 
by  water  has  been  introduced  as  a  preliminary  to  jigging*  In  the 
Continental  dressing- works,  again,  the  tendency  of  late  years  has 
been  to  reduce  the  number  of  sizes  jigged,  and  to  abandon  the  very 
close  sizing  which  formerly  characterised  the  method. 

The  arguments  for  close  sizing  are  drawn  from  the  well-known 
laws  goYeming  the  fall  of  bodies  in  water,  which  may  be  stated  as 
Ibllows : — A  body  falling  in  still  water  moves  at  first.with  accelerated 
relocity,  as  in  a  vacuum.  The  resistance  of  the  water,  however, 
^creases  with  the  square  of  the  velocity,  and  finally  equalises  and 
learnlisefl*  the  accelerating  force.  Thereafter  the  grains  move  with 
miform  falling  velocity. 

It  is  argued  that,  in  order  to  e&ct  a  separation  by  the  water- 
srrents  of  a  jig,  the  range  of  size  in  the  grains  treated  must  not 
Exceed  the  size-ratio  of  equal-falling  grains.  But  the  conditions 
rhich  obtain  in  jigging  are  not  the  same  as  in  the  case  of  bodies 
ailing  freely  in  water.  We  have  to  deal  not  with  single  isolated 
[Tains,  but  with  numbers  of  these  grains  moving  together.  The 
maUer  grains  move  in  the  interspaces  between  the  large  grains,  and, 
onaequently,  in  constricted  channels.  The  large  grains,  also,  so  far . 
B  their  movements  are  independent  of  the  surrounding  grains,  as  in 
he  separation  of  gangue  from  ore,  and  of  one  mineral  from  another, 
lOve  in  the  interstitial  channels  between  the  other  grains.  These 
liannels  must  have  great  influence  on  the  movement  of  the  grains, 
feverthelees  many  have  been  content  to  assume  the  formula  for  free- 
diling  grains  as  of  universal  application,  and  have  drawn  therefrom 
K  arguments  and  data  for  the  dose  and  accurate  sizing  characterising 
le  Continental  system  of  ore-dressing.  It  is,  however,  possible  to 
feet  a  very  satisfactory  separation  on  jigs,  with  material  sized 
stween  wide  limits  only,  and  in  a  very  imperfect  manner,  or  even 
itirely  without  sizing. 

The  princi^l  advantage  of  the  English  method  of  jigging  is  that 
dispenses  with  the  operation  of  sizing  by  screens.  The  plant  is 
us  simpler  and  cheaper,  and  the  expense  of  treatment  is  less.  If 
«  jigging  be  conducted  entirely  without  size-classification,  it  has 
e  further  advantage  that  very  fine  material  can  be  treated  success- 
lly  <m  jigs,  which  would  otherwise  have  to  be  treated  on  tables, 
le  balk  of  the  gangue,  both  fine  and  ooarse,  is  thus  at  onoe  sepa- 
ted  by  the  ^  roughing-jigs,"  leaving  but  a  small  amount  of  rich 
iff  to  be  treated  on  the  finishing-jigs  and  tables.  As  the  treatment 
the  fine  stuff  by  itself  is  troublesome,  and  the  capacity  of  slime-jigs 
d  tables  is  small,  the  plant  and  method  of  treatment  are  still  furUier 
nplified  and  cheapened. 

The  English  method  is  especially  well  suited  to  the  oonoentration 
low-grade  ores  on  a  large  scale. 

The  principal  objection  in  practice  to  the  English  system  of  jig- 
Dg  Is  the  uQoperfect  oonoentration  of  the  material  passing  l^irough 
e  jig-bed.     The  hutchwork  is  much  richer  when  the  stim  is  sized 
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before  jigging.  This  difficulty  is  overcome  by  the  re-treatment  of 
thifl  hutohwork  on  finiehing-jigs.  At  Bonne  Terre,  the  hutch  work  is 
chissified  in  pointed  boxes,  ^e  sands  are  re-treated  on  jigs,  and  the 
slimes  are  concentrated  on  side-bump  tables. 

Munroe's  investigations  suggest  means  whereby  the  hutohwork 
can  be  enriched  without  the  necessity  for  this  second  treatment.  By 
treatment  of  fine  and  coarse  material  together  on  the  same  jig,  int^- 
Btitial  channels  will  be  formed  between  the  coarse  grains,  in  'which 
the  fine  stuff  can  be  very  perfectly  concentrated.  Again,  by  decreasing 
the  mesh  of  the  jig-sieve,  the  size  of  the  interstitial  channels  may  \k 
reduced ,  and  still  finer  material  be  successfully  concentrated.  Experi- 
ments made  to  test  the  possibility  of  reducing  the  number  of  grades 
of  sand,  developed  the  unexpected  result  that  the  hutchwork  was 
much  improved  by  jigging  coarse  and  fine  stuff  together,  the  reason 
for  which  is  now  clear.  ^  also  at  Bonne  Terre,  where,  however,  the 
problem  is  complicated  by  the  necessity  of  running  the  roughing-jigs 
80  as  to  suck  as  much  fine  stuff  through  the  sieve  as  possible. 

The  problem  to  be  solved  in  oonnection  with  the  English  method 
of  jigging  is  to  determine  the  best  method  of  treating  the  stuff  too 
fine  to  be  concentrated  successfully  in  the  interstitial  channelB  of  the 
jig-bed. 

The  first  and  most  obvious  method  is  to  separate  the  fine  stuff  by 
water-classification  before  jigging  the  sands.  The  objections  to  this 
course  are,  first,  the  quantity  of  water  required  to  effect  the  separation 
of  the  slime ;  and,  second,  the  fact  that  much  fine  stuff  will  be  sent  to 
the  tables  that  could  be  treated  successfully  on  the  jigs. 

A  second  plan  is  to  separate  the  fine  stuff  from  the  tailings  of  the 
jigs  by  proper  classifiers.  This  is  perfectly  feasible,  and  has  the 
advantage  that  the  jigs  can  be  so  run  as  to  produce  a  rich  hutchwork. 
This  plan  requires  large  settling-tanks,  and  a  considerable  amount  of 
clean  water  to  effect  the  separation  of  the  slime.  It  has  the  advantage 
over  the  plan  of  separating  before  jigging  that  the  fine  mineral  is 
partly  concentrated  and  saved  by  the  jigs. 

A  third  plan,  which  will  effect  a  partial  solution  of  the  problem, 
is  to  run  the  jigs  so  as  to  take  full  advantage  of  the  interstitial  action. 
By  reducing  the  mesh  of  the  jig-sieve,  finer  material  can  be  concen- 
trated. With  a  given  maximum  size  for  the  coarse  sand-grains, 
however,  a  limit  will  be  found  beyond  which  the  mesh  of  the  sieve 
cannot  be  reduced.  Possibly  it  may  be  found  practicable  to  use  a 
three  or  four-sieved  jig,  with  different  mesh  on  each  sieve,  and,  by 
varying  the  stroke  of  the  pistons,  to  adapt  each  sieve  to  the  saving  of 
a  certam  grade  of  sand.  At  Lake  Superior  the  tail-sieves  have  finer 
mesh  than  the  head-sieves.  Or  the  roughing-jigs  may  be  run  with 
little  under-water,  so  as  to  suck  all,  or  nearly  all,  of  the  fine  stuff 
through,  thus  ensuring  poor  tailings,  and  the  hutchwork  may  then 
be  treated  again  on  jigs  of  finer  mesh.  These  finer  jigs  should  be  run 
in  the  same  way,  and  their  hutchwork  should  be  treated  on  tc^bles. 

By  one  or  another  of  the  above  methods,  it  may  be  fourfd  prac- 
ticable to  save  and  treat  the  slime  without  using  classifiers  to  separate 
it  from  the  sands. 

A  fourth  plan  is  to   conduct  the   crushing  so  as  to  produce  a 
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minimnm  amonnt  of  slime;  for  example,  by  a  system  of  gradual 
cTQshing,  tusmg  two  or  more  sets  of  roUs;  or  by  coarse-cnishing, 
followed  by  jigging  and  fine-crushing  of  *'  raggings  "  only ;  or,  again, 
by  calcining  the  ore  so  as  to  make  it  more  friable.  By  one  or  another 
of  these  methods  it  may  be  possible  to  limit  the  production  of  fine 
stnfi^  so  that  in  many  cases  it  may  be  allowed  to  escape  without 
Beriousloss. 

The  following  are  the  main  points  developed  by  Munroe's 
iiiTettigations : — 

1.  Bodies  falling  through  water  in  a  tube  do  not  attain  as  high  a 
Telocitir  as  in  falling  through  the  same  medium  in  larse  vessels. 

2.  The  falling  velocity  is  but  little  affected  when  uie  diameter  of 
the  body  is  less  than  ^  that  of  the  tube. 

3.  The  falling  velocity  is  the  more  retarded  as  the  diameter  of  the 
body  approximates  that  of  the  tube. 

4.  A  sphere  -f^  the  size  of  the  tube  will  develop  the  greatest 
falling  velocity,  and  will  require  a  current  of  maximum  velocity  to 
sapport  or  raise  it. 

5.  Grains  falling  en  fMUM  are  really  moving  in  confined  channels, 
and  follow  the  law  of  the  movement  of  bodies  in  tubes.  The  falling 
velocity,  and  the  velocity  of  the  current  necessary  to  support  or  raise 
ths  mass  of  grains,  increase  and  diminish  with  the  distance  apart  of 
the  grains. 

6.  The  diameter  of  the  channel  in  which  the  single  grain  moves 
equals  the  cube  root  of  the  volume  of  the  grain  with  its  proportion  of 
the  interstitial  space,  or,  in  other  words,  the  cube  root  of  the  space 
oocapied  by  the  grain. 

7.  In  a  mass  of  grains  of  different  sizes,  the  large  grains  move 
nlatively  in  smaller  channels  than  the  small  grains.  The  ratio  of 
the  diameters  of  equal-falling  grains  of  quartz  and  galena,  under  such 
conditions,  is  31  to  1,  instead  of  4  to  1,  which  latter  ratio  holds  good 
for  free-fJEJling  grains  only. 

8.  The  formulaB  for  grains  moving  in  tubes,  when  applied  as  above 
to  gndns  moving  en  masse^  enable  us  to  compute  the  velocity  of  jig- 
eorrents,  and  thus  determine  the  proper  length  and  number  of  strokes 
of  the  jig-piston.    The  old  formulce  gave  results  many  times  too  large. 

9.  Close  sizing  is  not  necessary  for  the  separation  of  different 
minerals  by  jigging,  unless  the  difference  in  specific  gravity  is  small. 

10.  Downward  currents  are  apparelTcly  necessary  to  success  in 
j^gg;uig  through  a  bed.  This  requires  confirmation  by  experiments 
on  a  larger  scale. 

11.  \ery  fine  material,  less  than  ^  mm.  diam.,  can  be  treated 
loooessfuUy  on  jigs,  if  treated  with  coarse  stuff*,  the  concentration 
taking  place  in  Uie  small  interstitial  channels  between  the  grains 
fimning  the  mineral  bed.  For  the  treatment  of  fine  stuff  on  jigs, 
dose  sizing  is  a  positive  disadvantage.  Jigs  work  well  on  mixed 
stuffy  and  very  bsialy  on  fine  stuff  alone.  Stuff  less  than  ^  the  size 
of  the  smallest  interstitial  channels  cannot  be  treated  successfully  in 
this  way. 

12.  The  size  of  the  mesh  of  the  jig-sieve  has  a  very  important 
influence,  and  must  be  proportioned  to  the  work  to  be  done. 
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In  the  common  hiand-leYer  Cornish  jig,  the  sieve  is  rectangular ; 
to  each  of  the  short  sides  is  attached  a  vertical  iron  bar,  perforated  at 
the  upper  end  with  3  long  holes,  through  which  a  pair  of  bolts  are 
passed,  linking  them  to  the  parallel  arms  of  an  oscillating  frame.  By 
altering  the  holes  through  which  the  suspension  bolts  pass,  the  sieve 
is  made  to  hang  at  a  greater  or  less  depth  in  the  rectangular  w^ter 
cistern  or  hutch  in  which  it  is  worked.  The  suspension  frame  is  an 
unequal-armed  lever ;  the  sieve  is  attached  to  the  shorter  side,  while 
the  longer  arm  is  terminated  by  a  slotted  part,  in  which  works  a 
T-headed  fixed  link  or  connecting  rod  attached  to  the  shorter  arm  of 
a  second  lever  placed  below  it.  The  motive  power  is  supplied  by  a 
boy,  who  jerks  the  longer  arm  of  the  second  lever,  moving  it  through 
a  height  of  48  in.,  while  the  sieve  is  only  moved  through  8  in.    Clean 


Fig.  70. — RrmNGEB's  Jig. 

water  is  introduced  through  a  pipe  on  one  side  of  the  cistern  to 
replace  the  muddy  waste  which  is  carried  o£f  through  a  similar  pipe 
fitted  with  discharging  apertures  at  different  depths  on  the  oppoette 
side.  The  sieve  is  emptied  by  scraping  out  the  contents,  which  are 
usually  classified  into  three  parts,  the  uppermost  being  thrown  away ; 
the  middle,  containing  mixed  ore  with  earthy  matter,  requires  farther 
treatment,  while  the  bottom  is  clean  ore.  The  hutch  work  or  fine 
stuff  passing  through  the  sieve  collects  in  the  cistern,  and  is  sub- 
sequently treated  on  the  round  huddle  or  some  other  sHme-wa^iing 
machine. 

Bittinser's  jig.  Fig.  70,  is  characterised  by  the  inclination  of  the 
grates  and  the  lowness  of  the  front  partition,  over  which  the  poor 
and  lighter  stuff  falls  continuously,  and  with  very  little  water,  iraile 
the  heavier  and  rich  portions  fall  through  the  opening  or  slit,  at  the 

Digitized  by  VjOOQIC 


CONCENTRA  TING. 


139 


b«8e  of  the  partition.  This  partition  is  the  segment  of  a  cylinder, 
and  is  supported  upon  the  lever  or  arm  a,  so  as.  to  be  movable  back- 
ward and  forward  in  such  a  manner  that  the  slit  may  be  increased  or 
diminished  at  pleasure.  The  heavy  staff,  passing  ^ongh  the  open- 
ing, falls  into  the  box  6,  from  which  it  is  removed  as  required.  The 
inclination  of  the  grate  in  this  machine  is  5^-8°.  It  is  fed  through 
the  hopper  e,  which  plunges  below  the  surface  of  the  stuff  accumulated 
on  the  grate.  The  Joss  of  water  which  occurs  at  each  stroke  of  the 
piston  is  replaced  from  a  reservoir  c2  at  the  back  of  the  apparatus. 
According  to  Bittinger,  experience  has  shown  that  the  duty  of  self- 
acting  machines  of  diis  kind  is  generally  three  times  as  great  as  that 
from  the  ordinary  intermittent  working  apparatus. 

The  peculiarity  of  the  Frongoch  jig  (Figs.  71,  72),  as  described  by 
Prof.  Le  Neve  Foster,  is  that  the  piston  is  vertical,  and  works  in  the 
partition  between  two  tubs  or  hutches;  c  is  the  middle  partition, 
and  (2  is  the  piston  working  between  two  plates  of  iron  e.  The  piston 
oooapiee  the  whole  length  of  the  jig,  as  shown  by/,  and  is  worked  by 
the  rod  ^,  guided  at  \  and  passing  through  a  stuffing-box  t.     The 


F108.  71,  72.— Frongooh  Jig. 

reciprocating  motion  is  given  by  a  crank  through  the  connecting  rod  I 
and  lever  w,  which  traverses  the  head  of  the  piston-rod  ».  The  crank 
baa  a  long  loop,  which  enables  the  stroke  to  be  varied.  The  same 
end  can  be  attained  by  an  eccentric  with  a  slot,  which  allows  the 
eccentricity  to  be  altered  at  pleasure,  o  shows  where  the  ore  is  fed 
on,  and  f  is  the  place  of  discharge  of  the  waste  or  impoverished  ore. 
9  is  the  sieve,  and  r  are  holes  with  plugs  manipulated  by  handles 
(not  shown)  by  which  the  concentrates  that  pass  through  the  sieve 
are  drawn  off.  %  is  the  pipe  bringing  in  fresh  water.  These  machines 
are  doing  good  work  with  ores  containing  blende  and  galena  at 
Frongoch,  and  have  been  favourably  spoken  of  for  the  treatment 
of  tin  ore. 

Many  other  forms  of  jig  will  be  found  described  at  length  in 
the  author's  '  Mining  and  Ore-dressing  Machinery.' 

Pyramidal  Troughs, — Pyramidal  separators,  like  so  many  other 
apparatus  used  in  mining  and  metallurgy,  originated  in  Germany, 
and  are  often  known  by  tiie  German  name  of  l^nizkdsten.  They  are 
hollow,  generally  rectangular,  pyramids,  constructed  of  strong  boards. 
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well  joined  together  (strong  sheet-iron  may  be  employed  also).  The 
sides  are  inclined  at  angles  of  not  less  than  50  ,  and  there  is  a 
small  hole  in  one  side  close  to  the  apex.  They  are  fixed  horizontally, 
in  an  inverted  position,  and  the  crushed  material  is  introduced  at  one 
of  the  narrow  sides,  a  few  inches  below  the  top,  by  means  of  a  launder. 
The  result  is  that,  as  soon  as  the  box  is  filled,  a  certain  portion  of  the 
crushed  matter — i.  e.  the  coarsest  and  heaviest,  which  tne  water,  on 
account  of  its  diminished  velocity,  is  not  able  to  carry  farther — sinks 
and  slides  down  the  inclined  sides  of  the  pyramid,  and  escapes 
through  a  small  hole  near  the  apex,  whilst  the  finer  and  lighter 
matter  passes  o£f  at  the  top  by  an  outlet  a  in  the  centre  of  the  side, 
opposite  to  the  point  of  entrance.  If  now  a  second  larger  box  be 
attached  to  the  first,  a  third  still  larger  to  the  second,  and  so  on 
— each  succeeding  box  at  a  slightly  lower  level,  in  order  to  prevent 
any  settlement  of  stuff  in  the  passage-ways — it  follows  not  only  that 
the  same  process  of  settling  and  escaping  of  the  particles  from  the 
apex  will  take  place  in  every  box,  but  also  that  their  size  will  decrease 
nearly  in  inverse  proportion  as  the  surface  of  a  succeeding  box  is 
larger  than  that  of  the  preceding  one,  or  directly  as  the  velocity  of 
the  water  is  diminished  in  it. 

According  to  this  principle,  if  the  boxes  were  made  of  only  very 
gradually  increasing  size,  and  the  apex  holes  proportionately  small, 
it  would  be  possible  to  classify  the  stuff  into  a  great  number  of 
portions,  different  in  size  of  gram,  before  it  had  entirely  settled,  L  e. 
till  dear  water  passed  off  from  the  last  box.  Experience  has,  however, 
shown,  that  for  fine  ore-dressing  in  general,  classification  into  4 
different  sizes  by  an  apparatus  ot  4  boxes  is  quite  sufficient.  The 
sizes  of  the  different  boxes,  in  order  to  ensure  the  most  perfect  classifi- 
cation, depend  both  on  the  amount  of  material  which  has  to  pass 
through  them  per  second,  and  the  size  and  character  of  the  grains  ; 
and  it  has  been  found,  that  for  the  supply  of  every  cubic  foot  of 
material,  the  width  of  the  first  or  smallest  box  must  be  -^y  ^ — ^  ®- 
for  instance,  for  20  cub.  ft.,  2  ft. — and  for  every  succeeding  box  it 
ought  to  be  about  double  that  of  the  preceding  one,  or,  generally,  the 
widths  of  tiie  boxes  must  increase  nearly  in  geometrical  progression, 
2:4:8,  &c.,  and  their  lengths  in  an  arithmetical  one,  3,  6,  9,  d^c. 

Their  depths  depend  on  the  angle  of  inclination  of  the  sides, 
which,  as  already  stated,  is  generally  50°,  because  if  less,  the  stuff 
would  be  liable  to  settle  finmy  and  choke  the  central  orifice,  and 
if  larger,  unnecessarily  ereat  height  of  the  boxes  would  be  required. 
The  form  of  the  two  smcQler  boxes  is  commonly  sueh  that  the  two 
short  sides  are  inclined  at  the  above  angle,  and  the  two  long  ones, 
which  would  become  far  steeper,  are  broken — L  e.  are  for  a  certain 
depth  from  the  top  vertical,  and  afterwards  inclined  at  the  normal 
angle.  This  modification  has,  however,  no  influence  upon  the  action 
of  the  boxes,  but  simply  facilitates  somewhat  their  construction 
and  firm  fixing.  The  sides  of  the  larger  boxes  are  generally  even 
throughout. 

The  way  in  which  the  apex-holes  are  constructed  has  an  im- 
portant bearing  on  the  operation  of  the  boxes.  At  these  points, 
the  hydrostatic  pressure  is  considerable,  and  the  holes  shotild  naturally 
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be  kept  small,  in  order  to  prevent  too  mncli  water  passing  with  the 
particles  of  stnflF;  such  small  outlets  are,  however,  especially  in  the 
treatment  of  coarser  material,  very  liable  to  become  choked.  This 
difficulty  has  been  met  by  the  holes  being  made  of  conveniently  large 
size,  but  connected  with  pipes  \  in.  diam.,  which  rise  up  the  side  of 
the  boxes,  that  of  the  smallest  box  to  within  3-3]^  ft.,  and  of  others 
to  within  2-2^  ft.  from  the  top,  and  are  there  furnished  with  small 
mouthpieces  supplied  with  taps  for  regulating  the  outflow.  This 
arrangement,  on  account  of  the  outlets  being  so  much  higher,  has  the 
farther  advantage  that  a  considerable  amount  of  fall  is  gained 
(especially  as  regards  the  large  boxes),  which  for  the  subsequent 
treatment  of  the  material,  is  in  some  cases  of  special  value. 

Two  more  points  require  attention,  to  ensure  good  action  of  the 
apparatus,  namely,  the  introduction  of  the  material  into  the  different 
loxes  equally  and  without  splashing,  and  prevention  of  the  entrance 
of  chips  of  wood,  gravel,  or  other  impurities  that  are  likely  to  stop  or 
obstruct  the  outlets.  The  first  point  is  met  either  by  having  the 
SQpply-laimders  expanded  fan-like  and  furnished  with  dividing-ledges, 
or  by  the  interposition  of  small  troughs,  the  sides  of  which  nearest 
the  box  to  be  supplied  are  perforated  near  the  bottom  by  equidistant 
nnall  holes.  The  cleaning  of  the  material,  ]previous  to  its  entering 
the  first  box,  is  generally  effected  by  the  mam  supply-launder  being 
made  a  little  wider  near  the  point  of  entrance,  and  &e  insertion  at 
this  place  of  a  fine  wire-sieve  across  the  launder  and  somewhat 
mclined  against  the  stream.  This  sieve  must  be  occasionally  looked 
after,  to  remove  any  impurities  collected  in  front ;  and  this,  in  fact, 
is  the  chief  attention  tne  whole  apparatus  requires,  for  otherwise  it 
needs  hardly  any  supervision.  If  once  in  proper  working  order,  its 
action  is  constant  and  uniform,  provided  the  material  introduced  does 
not  change  in  amoxmt  and  quality ;  and  it  has  this  further  advantage, 
as  compared  with  the  slime  labyrinths,  that  the  classified  stuff  can, 
from  the  outlets,  be  directly  conveyed  in  small  launders  to  other  con- 
centration-maohines  for  further  treatment.  One  point,  however,  not 
in  &vour  of  the  apparatus,  is  that  a  great  fall  of  ground  is  required, 
to  permit  the  direct  introduction  of  the  material  and  allow  sufficient 
&11  for  the  tailings ;  and  thus,  where  local  circumstances  are  un- 
&Tourable,  it  has  to  be  erected  at  a  higher  level,  and  necessitates  the 
nse  of  elevators  or  pumps  for  lifting  the  stuff. 

There  are  many  forms  of  pyramidal  trough  in  use,  their  dimensions 
varying  according  to  the  duty,  but  space  only  admits  of  typical 
examples  being  described  here.  One  of  these  is  when  it  is  desired  to 
settle  all  the  pulp,  including  the  slimes,  by  reason  of  there  being  too 
mu<^  water  present  for  subsequent  concentration.  The  pointed  box 
ihonld  tlien  oe  about  6  ft.  deep,  and  3  ft.  by  7  ft.  at  the  top,  the 
lonsest  sides  sloping  till  they  meet  at  the  bottom.  Such  a  box  will 
settle  and  save  about  6  tons  of  ore  in  24  hours,  discharging  it  auto* 
matioally  and  continuously  from  the  bottom  by  a  siphon  hosci  with 
the  proper  amount  of  water  for  subsequent  concentration.  This  form 
it  used  when  the  tailines  ^m  pan  amalgamation  are  to  be  concen- 
trated, after  leaving  the  settlers  and  agitators,  for  they  contain  a 
Itfge  excess  of  water,  which  must  be  got  rid  of,  so  that  the  tailings 
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may  be  of  the  proper  consistency  for  concentration.  Fig.  72  shows  a 
form  of  pointea  box  recommended  by  J.  M.  Adams  in  cases  where  the 
slimes  are  to  be  separated  from  the  battery  pidp  and  saved.  Each 
box  is  40  in.  square  at  the  top,  and  40  in.  deep,  coming  to  a  point  at 
the  bottom ;  and  one  box  will  handle  6-10  tons  of  pulp  in  24  hours, 

making  a  good  separa- 
tion. The  pulp  from  the 
battery,  entering  the  box 
a  at  the  top,  is  oonfined 
by  partition  6,  until  it 
passes  into  the  box  proper 
c,  near  its  bottom.  Clear 
water  is  oonyeyed  from  a 
launder  <2  above,  through 
a  \  in.  pipe  e,  which  de- 
livei-s  it  into  the  box  at 
the  bottom.  Care  must 
be  taken  that  this  pipe  is 
kept  full,  so  that  no  air 
bubbles  may  be  carried 
through  it,  creating  agita- 
tion, and  causing  sand,  Ac^ 
to  pass  o£f  with  the  slimes. 
The  quantity  of  clear 
water  needed  varies,  so  it 
is  a  good  plan  to  have  a 
Fio.  72.— Pointed  Box.  oock  in  the  pipe  just  below 

the  clear  water  box  <i ;  or 
to  partially  close,  with  a  wooden  plug,  the  opening  of  the  pipe  in  the 
clear  water  box.  At  /  is  a  hollow  plug,  and  to  it  is  attached  a 
piece  of  hose  ^,  which  is  used  as  a  siphon,  se  that  the  pressure  is 
lessened,  and  too  violent  discharge  of  the  pulp  is  prevented.  With- 
out the  siphon  hose,  \  in.  opening  would  not  be  too  small,  yyhile 
with  it  \  in.  opening  is  about  right,  and  the  end  of  the  hose  is 
plugged  accordingly.  Inasmuch  as  foreign  coarse  material  occasion- 
ally gets  into  the  box  (prevented  as  much  as  possible  by  a  screen 
over  the  top),  it  is  advisable  to  use  in  place  of  the  hollow  wooden 
plug  shown,  a  1 J  in.  iron  T  with  one  end  plugged,  and  with  }  in.  side 
outlet,  attaching  the  siphon  hose  by  nipple.  The  launder  lb  carries 
off  slimes,  and  the  launder  t  conveys  rich  matters  to  the  concentrators. 
The  Frongoch  classifier  (Fig.  73)  is  a  simplification  of,  and  im- 
provement on,  the  German  double  troughs,  or  Sj^zhktUn^  folly 
described  and  illustrated  in  '  Mining  and  Ore-dressing  Machinery.' 
It  consists  of  an  inverted  wooden  cone  a,  which  can  be  more  or  less 
completely  closed  at  the  bottom  by  a  plug  6,  controlled  by  a  handle 
and  screw-nut  c  The  cone  a  stands  upon  a  wooden  box  d,  which 
receives  water  under  pressure  from  a  pipe  e,  and  is  provided  with  a 
discharge-valve  /,  a  mere  flat  plate  of  iron  working  on  a  pin,  which 
can  be  pushed  sideways  so  as  to  close  the  orifice  more  or  leas 
entirely.  Inside  the  w(X)den  cone  a  is  a  sheet-iron  funnel  ^,  which 
receives  the  stream  of  ore  and  water  from  a  launder  \  and  causes 
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it  to  descend  to  the  level  t.  There  it  meets  with  the  upward 
cnrrent  of  clear  wat^r,  and  a  separation  is  eflfeoted.  The  coarse  and 
heavy  particles  which  can  overcome  the  stream  pass  into  the  box  d 
below,  and  flow  ont  continuously  at  /,  while  the  fine  and  light  par- 
ticles are  lifted  by  the  current  and  carried  over  the  top  edge  of  the 
wooden  oone  a,  which  is 
surrounded  by  a  circular 
laimder  k.  By  altering  the 
flow  of  the  upward  current 
of  clear  water  and  the  size 
of  the  discharge  orifice,  the 
eeparator  can  be  adjusted 
to  the  special  requirements 
of  any  particular  case,  giv- 
ing it  a  distinct  advantage 
over  the  older  forms,  which 
were  useless  for  any  but  the 
purpose  for  which  they  were 
designed.  At  Frongoch  this 
separator  is  used  for  classi- 
fjmg  a  mixture  of  galena 
and  blende,  just  as  it  comes 
from  the  crusher,  through  a 
screeD  with  12  holes  (3  by 
4)  per  sq.  in.,  the  coarse 
going  to  the  jigs,  and  the 
fine  to  the  buddies. 

YonmerB, — The  material 
having  been  classified  ac- 
cording  to  size,  the  next 

step    is    to    submit    each  e^ 

separate  size  to  a  process  of  J"! 

concentration,  with  the  ob-  "^^*^ 

ject  of  eliminating  the  valu- 
able portion,  or  separating 
the  several    valuable    por- 
tions where  such  occur  and  ^^^^ 
require  subjection  to  differ- 
ent treatments  at  a   later 
stage.    Of  the  various  ap- 
paratus in  use  for  this  purpose,  all  working  upon  the  principle  of 
taking  advantage  of  the  differences  in  specific  gravity  of  the  several 
rabstanoes  encountered,  no  class  is  more  important  than  the  *'  vanners  " 
or  **  shaking  tables,"  which,  in  every  conceivable  variety,  provide  a 
amooth  inclined  or  horizontal  surface,  over  which  the  ore  is  spread 
by  a  small  quantity  of  water,  and  subjected  to  repeated  and  regular 
diaturbance  by  an  "  end  shake,"  or  "  side  shake,"  or  other  sudden 
movement.  For  a  description  of  numerous  examples  of  these  machines, 
the  reader  is  referred  to  *  Practical  Gold  Mining.'    It  will  suffice  here 
to  mention  the  Lfihrig  system,  the  striking  feature  of  which,  as  will 
be  seen  from  Fig.  74,  is  the  combination  of  3,  4,  or  6  (according  to 
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Fig.  73.— Fbonooch  GLAflsnnaB. 
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the  nature  of  the  ore)  single  tables  of  an  improyed  construction, 
arranged  in  such  a  way  as  to  allow  of  automatically  feeding  tlie 
''  middle  products  "  (or  not  yet  sufficiently  clean  products)  from  the 


> 


I 


$3 

1 


s 


upper  tables  on  to  the  lower  tables.  By  this  subsequent  treatmei 
of  the  middle  products  on  the  same  machine,  high  oonoentrati 
are  obtained  without  requiring  manual  labour  or  incurring  loss  < 
mineral 
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The  siiiele  table  oondflts  in  the  main  of  a  trayelling  band,  with 
tdjiutable  lateral  inclination,  suspended  from  a  frame  reoeiving  an 
end-ehake,  which,  combined  with  tne  action  of  a  spray-pipe  extending 
diagonally  across  the  table,  effects  the  separation  of  the  various 
minerals  in  the  pnlp,  according  to  their  specific  weights.  These 
Marions  products  are  Washed  off  by  the  spray  into  receptacles  in  front 
of  the  table.  The  material  is  fed  on  to  the  table  by  a  siphon  discharge 
from  a  hydraulic  classifier  or  pyramidal  trough. 

The  advantages  of  the  single  table  over  others  consist,  firstly,  in 
tiie  circumstance  that  one  clean  product  is  always  obtained  in  one 
operation ;  and,  secondly,  any  number  of  grades  of  concentrates  of 
diffigrent  ores  may  be  obtained  on  one  table,  and  the  degree  of  con- 
centration, as  well  as  the  percentage  of  mineral  left  in  the  tailings, 
he  adjusted  acoording  to  wish.  The  intermediate  grades  would  then 
he  made  to  yield  higher  concentrates  by  the  lower  tables  of  the  com- 
pound vanner,  as  described  before. 

One  compound  vanner  will  treat  about  9  tons  per  day  of  10  hours, 
giving  absolutely  dean  tailings,  besides  separating  the  various 
minerals  contained  in  the  ore,  one  from  the  other.  It  has  been 
prored  to  give  excellent  results  in  treating  slimes  of  lead  and  blende 
ores  containing  iron  or  copper  pyrites,  or  spathic  iron ;  and  it  is 
particularly  well  adapted  for  dealing  with  tin  and  copper  ores,  avoiding 
iU  the  handling  now  so  frequently  necessary  in  consequence  of  the 
use  of  imperfect  machines. 

In  dressing  auriferous  ores  containing  a  percentage  of  pyrites, 
this  vanner  does  closer  work  with  less  cost  than  any  other  machine. 

The  Stein  vanner,  adopted  at  the  Himmelfahrt  works  of  the 
German  Government,  possesses  several  advantages.  At  Freiberg,  one 
manner  washes  2^  (<^)  tons  pulp  in  10  hours,  yielding  at  once  a 
<:lean  product,  and  giving  poorer  tailings  than  either  the  Bittinger 
or  the  Frue.  Worlang  on  mixed  ore  containing  blende  and  pyrites 
it  delivers :  pure  galena ;  galena  and  mispickel  mixed ;  iron  pyrites 
dean;  blende  and  iron  pyrites  mixed;  tailings.  A^hen  the  pulp  is 
iK)t  toolow  sprade,  galena  with  70  per  cent,  lead  can  be  easily  obtained. 
Thej  need  Tittle  labour,  one  millman  being  able  to  handle  8  of  them. 
Tailmgs  show  no  lead  and  only  '005- '01  per  cent,  silver. 

BsdcQes. — ^These  machines  are  of  several  patterns. 

The  convex  or  centre-head  (Fig.  75)  consists  of  a  circular  pit  about 
22  ft,  diam.,  and  1-1^  ft.  deep  at  the  circumference,  with  a  raised  centre 
10  ft.  diam.,  and  a  floor  fallmg  towards  the  outer  circle  at  a  slope  of 
•bont  1  in  30  for  a  length  of  6  ft  The  stuff  is  brought  to  the  centre 
of  the  huddle  by  launders  a,  into  which  flows  a  constant  stream 
of  water,  and  is  distributed  upon  the  raised  centre  from  a  revolving 
P^  \  carrying  a  number  of  spouts,  so  as  to  spread  the  stream  of  pulp 
^ery  uniformly  in  a  thin  film,  which  flows  gradually  outwards  over 
the  whole  of  uie  sloping  floor  to  the  circumference.  In  its  passage 
^^'vn  the  slope,  the  material  held  in  suspension  by  the  water  is 
P^duaUy  deposited  according  to  its  specific  gravity,  and  the  ore  being 
the  heaviest  is  the  first  thrown  down,  and  is  consequently  in  greatest 
F^^x^on  towards  the  centre  of  the  huddle.  The  overflow  e  for  the 
^'Mte  and  slime  from  the  circumference  of  the  huddle  is  regulated  by 
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a  wooden  partition  perforated  with  horizontal  rows  of  holes,  which  are 
successively  plugged  up  from  the  bottom  as  the  height  of  the  deposit 
in  the  huddle  rises.  To  facilitate  the  uniform  spreading  of  the  stuff 
over  the  floor  of  the  huddle,  and  prevent  the  formation  of  gutters  or 


\ 


I 


channels  in  the  deposit,  a  set  of  revolving  arms  d  are  employed,  from 
each  of  which  is  suspended  a  sweep  carrying  a  number  of  brashes 
or  small  pieces  of  cloth,  and  these  being  drawn  round  on  the  surface 
of  the  deposit  keep  it  to  an  even  surface  throughout ;  the  distributiBg 
spouts  and  sweeps  are  driven  at  about  5  or  6  rev.  per  minute.    Ai 
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the  deposit  acoumulates  in  the  buddle,  the  sweeps  are  snocessively 
laiwd  to  a  oorresponding  extent ;  and  the  process  is  thus  oontinned 
nntil  the  whole  buddle  is  filled  np  to  the  top  of  the  centre  cone,  which 
usually  takes  about  10  hours.  The  contents  are  then  divided  into  three 
concentric  portions,  each  about  a  third  of  the  whole  breadth,,  irhich 
are  called  the  head,  middle,  and  tail ;  the  head,  or  portior  n  >.rest 
the  ceotre,  contains  about  70  per  cent,  of  all  the  metal  ^  the  stuff 
rapplied  to  the  buddle,  the  middle  nearly  20  per  cen;.,  and  the  tail, 
or  portion  next  the  circumference,  contains  only  a  trace ;  the  re- 
maining  particles  of  metal  are  carried  off  by  the  water  in  the  state 
ofglime. 

In  the  ooncaye  buddle  (Fig.  76)  the  stuff  is  supplied  at  the  centre, 
bat  is  conveyed  thence  direct  to  the  circumference,  by  revolving 
sponts  that  deliver  it  in  a  continuous  stream  upon  a  circular  ledge, 
from  which  it  flows  uniformly  over  the  conical  floor,  falling  at  a  slope 
of  about  1  in  12  towards  the  centre ;  it  is  kept  uniformly  distributed 
by  means  of  revolving  sweeps.  The  greatest  portion  of  the  metal  is 
in  this  case  deposited  round  the  circumference  of  the  floor,  and  the 
slime  and  waste  flow  away  through  rows  of  holes  in  the  sides  of  a 
centre  wall;  as  the  depth  of  deposit  increases,  the  level  of  the 
overflow  is  gradually  raised  by  plugging  up  these  holes  in  succession. 

Quite  in  advance  of  the  older  forms  of  buddle  is  the  Linkenbach 
table,  a  circular  buddle  made  by  the  Humboldt  Works  at  Ealk,  on 
the  Bliine.  It  has  a  fixed  table  and  continuous  action,  and  is  made 
35  ft  diam.  or  more.  I'he  surface  is  cemented  quite  smooth.  Work- 
infiat  the  Maria  mine,  near  Beuthen,  Germany,  on  partly  concentrated 
slimes  from  fine  jigs  and  partly  old  v^aste  slimes,  this  buddle  has 
given  good  results.  With  3  tables,  each  33  ft.  diam.,  about  40  tons 
of  clayey  blende  slimes  are  treated  per  10  hours  shift,  and  a  product 
containing  28-30  per  cent,  zinc  is  obtained  from  a  slimo  with  origi- 
nally &-10  per  cent.  zinc.  The  waste  water  contains  only  4-5  per 
cent  zinc. 

A  necessary  appendix  to  the  common  buddle  is  a  slime-frame  or 
table,  an  effective  and  simple  self-acting  form  of  which  is  shown  in 
^.  77.  A  launder  bringing  the  slimes  from  the  buddies  passes 
between  two  rows  of  the  slime-frames,  set  back  to  back,  and  the 
delivery  to  each  frame  is  dihtribnted  by  a  fluted  spreader,  and  then 
flows  uniformly  in  a  gentle  stream  over  the  surface  of  the  frame, 
which  is  at  a  slope  of  1  in  7,  and  is  divided  at  the  middle  into  two 
halves  by  a  5-in.  step  ;  the  waste  flows  off  at  the  bottom  of  the  frame 
into  the  launder  c.  The  stuff  deposited  on  the  frame  is  then  flushed 
off  at  successive  intervals  of  a  few  minutes  each,  by  a  self-acting 
contrivance  consisting  of  two  rocking  troughs  d^  which  are  gradually 
filled  with  clear  water  from  a  launder  e ;  when  full,  they  overbalance, 
and  discharge  their  whole  contents  suddenly  upon  the  top  of  each  half 
of  the  frame.  The  tipping  movement  of  the  troughs  opens  at  the  same 
time  the  covers  of  two  launders  /,  one  at  the  foot  of  each  half  of  the 
frame,  into  which  the  stuff  deposited  on  the  frame  is  washed  by  the 
discharge  of  the  water,  the  two  halves  being  kept  separate  because 
the  greater  portion  of  the  ore  is  retained  on  the  upper  half  of  the 
frame. 
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ret  dressing  ores,  the  treatment  of  fine  sands  and  slimes  forms 
9t  difficult  part  of  the  operation,  and  the  one  oocasiening 
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float  away  on  the  water.  This  has  led  Prof.  Bilharz  of  Himmelfahrt 
to  enunciate  the  principle  that  disintegration  must  take  place  step  by 
step.  He  asserts  that  only  by  gradual  crushing  is  it  possible  to 
guard  the  single  grains  of  the  separated  substance  against  unnecessary 
destruction,  and  to  let  complete  pulverisation  take  place  only  where 
the  most  intimate  intermixture  makes  it  absolutely  necessary.  Even 
in  cases  where  the  several  substances  of  the  ore  are  very  intimately 
interwoven  or  finely  disseminated  in  particles  hardly  visible  to  the 
naked  eye,  as  in  auriferous  quartz,  he  thinks  it  will  be  found  advis- 
able to  reduce  the  size  of  the  particles  gradually,  and  to  remove  a 
part  in  the  coarser  grain  even  when  thereby  running  the  risk  of 
obtdning  a  fijial  product  of  a  lower  degree  of  enrichment.  But  such 
ores  as  most  silicious  plumbiferous  and  auriferous  arsenical  or  iron 
pyrites  are  seldom  so  much  intermixed  tbat  a  large  part  may  not  be 
separated  in  coarse  grains,  and  they  admit  of  very  successful  applica- 
tion of  graduated  disintegration,  so  that  the  production  of  sHmes, 
that  is  to  say,  complete  pulverisation,  may  be  limited  considerably. 
His  method  of  treatment,  according  to  these  maxims,  is : — The  mixed 
ore  derived  from  hand-picking  the  so-called  crushing  and  stamping 
ore  of  the  size  of  a  fist,  is,  together  with  the  mine  smalls,  thrown  on 
a  grate  consisting  of  an  inclined  plate  having  30  mm.  perforations. 
This  allows  the  small  particles  to  fall  through  it,  while  the  coarser 
ones  are  taken  to  the  rockbreaker,  which  is  set  coarse,  and  admits  a 
second  hand-picking  or  gleaning  of  the  ore  leaving  it.  The  material 
which  has  fiJlen  through  the  grate,  and  likewise  the  broken-up  ore 
turned  out  by  the  stonebreakers,  is  collected  in  a  separating  apparatus 
placed  immediately  below  the  former.  This  apparatus  assorts  the 
ore  into  particles  of  accurately  graduated  sizes  and  separates  it  from 
such  coarser  pieces  as  are  not  sufficiently  broken  up.  Tho  sizes  over 
7  and  under  16  mm.  are  turned  over  directly  to  the  waste  jiggers,  so 
called,  because  they  are  intended  principally  to  separate  the  waste 
matter  and  to  produce  partly  enriched,  although  still  mixed,  ore, 
which  is  reduced  still  nirther  in  the  crushing  mill.  The  pieces 
which  are  not  sized  in  the  separation  apparatus,  being  refused  as  too 
cxtarse,  fall  on  a  moving  belt  or  plane  placed  obliquely,  and  are 
separated  by  gleaning  into  pure  ore  and  pure  waste,  the  remaining 
pieces  of  mixed  material  being  left  on  the  belt  to  be  dropped  through 
\  funnel  into  the  first  (coarse)  crushing  mill.  The  particles  broken 
ip  in  the  crusher  go  directly  to  the  separation  apparatus  for  over 
nedium-sized  grains  placed  under  it.  From  this,  the  grains  graduated 
mto  fixed  sizes  flow  directly  on  the  jiggers,  while  the  refuse  of  this 
kecond  separation  apparatus  has  to  undergo  another  crushing  in  the 
lecpnd  rolling  milL  By  arranging  the  works  in  stories,  without  any 
xitermediate  transportation  whatever,  the  gradual  separation  into 
rrain  sizes  is  continued  in  a  similar  manner,  as  is  also  the  jigging 
<HKlacted  in  connection  with  it,  after  which,  generally  another 
fourth)  crushing  in  the  third  rolling  mill  becomes  necessary.  Not 
uDtn  after  this  occurs  the  last  (fifth)  crushing  of  the  still  remaining 
>artiole8  of  intermixed  material,  or  the  complete  pulverisation  of  the 
rve  in  the  stamp  mill. 

Moigmeiit  Concentration. — Where  a  magnetic  ore  is  associated  with 
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non-magnetic  bodies,  it  is  quite  feasible  under  certain  oonditionB  to 
efifect  separation  by  electro-magnetism.  This  refers  not  only  to  those 
ores  which  are  naturally  magnetic,  but  also  to  those  which  by  roasting 
can  be  rendered  magnetic,  provided  of  course  that  the  cost  of  roasting 
is  not  prohibitive.  In  some  cases,  as  with  low  grade  iron  ore,  it  is 
the  iron  which  is  sought  to  be  concentrated  by  magnetic  seleotioD. 
In  other  cases,  as  with  the  auriferous  beach  sands  of  New  Zealand 
and  Oregon,  the  object  is  to  isolate  the  gold  particles  by  removing 
the  iron  grains.  While  the  operation  is  always  the  same  in  fact,  viz. 
collection  of  the  iron  particles,  the  objects  are  reversed,  and  the 
success  of  thu  operation  must  be  measured  by  the  special  features  of 
each  case,  particularly  with  regard  to  the  degrees  of  concentration 
which  are  required  and  brought  about  In  one  instance,  a  10  per  cent 
enrichment  of  the  iron  ore  may  be  highly  satisfactory ;  in  another 
case,  removal  of  50  per  cent,  of  the  iron  from  the  auriferous  sand  may 
be  totally  useless.  Thus  the  matter  resolves  itself  at  an  early  stage 
into  a  subject  for  special  rather  than  general  treatment.  (See 
Iron) 

One  point,  however,  may  be  insisted  on  h«'re,  viz.  that  magnetic 
separation  can  in  any  case  only  succeed  with  pulverulent  matters, 
consequently  everythmg  in  the  shape  of  an  ore  or  massive  mineral 
must  first  be  reduced  more  or  less  to  powder,  the  degree  depending  on 
various  circumstances,  but  averaging  about  16  mesh,  and  it  is  of  some 
importance  that  a  granular  condition  be  secured. 

"Dry  Concentration, — There  are  many  points  which  render  dry  con- 
centration a  debideratum.  Water  for  concentrating  purposes  is  often 
costly  and  imcertain  in  supply,  and  wet  concentrated  ores  carry  much 
water  which  has  to  be  got  rid  of  before  further  treatment.  Dry  con- 
centration delivers  the  product  in  the  beet  form  for  transport  and 
smelting.  Hence  the  application  of  air  instead  of  water  as  a  medium 
for  separating  gangue  from  ore  has  received  much  attention.  All  the 
earlier  attempts  courted  failure  by  neglecting  to  size  the  material 
Later  inventors  have  not  overlooked  that  essential  feature,  but  some 
allow  it  to  follow  instead  of  preceding  the  classification  by  weight 

One  of  the  most  recent  processes  is  the  Fape-Henneberg,  in  which 
the  dry  pulverised  ore  is  placed  on  rapidly  revolving  discs  firom  which 
it  is  scattered  in  all  directions.  The  centrifugal  force  acts  propor- 
tionately to  the  weight  of  the  particles,  in  su(£  a  way  that  particles 
of  equal  weight  collect  radially  at  an  equal  distance  round  the  centre. 
When  circular  collecting  troughs  (called  "  rings  ")  are  arranged  round 
the  discs,  the  products  which  collect  in  each  arrange  themselves  in 
such  a  way  that  a  small  heavy  ore  particle  will  be  found  with  a  lar^re 
particle  of  waste  rock  or  gangue.  This  mixture  must  be  separated 
either  by  dry  screening  or  by  wet  jiggiug  or  huddling. 

In  actual  practice,  diffictdties  occur,  although  the  process  appears 
very  simple,  and  the  reason  is  that  in  order  to  properly  separate  the 
mineral  particles  a  large  proportion  of  the  ore  has  been  reduced  to 
fine  dust  or  slime ;  and  in  treating  this  very  fine  dust  the  centrifugal 
force  becomes  powerless  owing  to  the  particles  having  practically  nc 
weight  This  dust  generally  becomes  mixed  up  during  the  scatterinjg 
of  ore  with  the  various  products  in  the  lings,  and  hinders  the  oentri- 
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fngal  action,  and  in  particular  the  screening  operation.  The  Pape- 
Henneberg  process  deals  with  this  difficulty  in  the  following  manner. 
The  centre  of  the  centrifugal  machine  is  covered  over  6^  ft  diam., 
and  the  disc  hangs  free.  A  current  of  air,  formed  by  exhaustion, 
plays  radially  from  all  sides  of  the  disc  in  a  contrary  durection  to  the 
ore  particles,  and  carries  off  the  dust  down  a  funnel  below  the  disc. 
It  is  possible  to  regulate  this  opposing  current  of  air,  so  that  the 
Telocity  of  the  ore  particles  may  be  acted  upon  not  only  according  to 
their  initial  velocity  but  also  according  to  pleasure.  And  as  different 
ores  behave  in  different  manners,  it  is  only  a  question  of  varying  the 
intensity  of  the  opposing  blast  to  suit  each  particular  case.  It  is, 
however,  of  importance  not  to  produce  more  fines  than  the  ore  treated 
calls  for. 

The  result  obtained  by  the  use  of  centrifugal  force  is  a  heavy 
product  in  the  outside  ring,  and  a  light  product  in  the  inside  ring — 
with  middle  products  between  the  two. 

All  the  products  in  the  rings  are  capable  of  being  screened,  as  they 
contain  no  dust  proper.  The  coarse  products  screen  easiest,  and  the 
fine  ones  with  more  difficulty,  and  the  operation  may  be  conducted 
with  screens  of  very  small  mesh  without  modifying  results.  Al- 
though every  ring  -product  consists  of  small  particles  of  mineral 
mixed  with  large  particles  of  waste  rock  or  gangue,  yet  every  such 
mixture  contains  '*  middles  "  obtained  by  screening,  and  it  is  always 
advisable  to  separate  such  **  middle  "  products,  and  submit  them  to  a 
farther  treatment,  which  mav  be,  in  places  where  there  is  a  total 
want  of  water,  a  repetition  of  the  above  treatment,  or,  where  water 
is  plentiful,  a  treatment  on  tables. 

Wet  table  treatment  is  to  be  commended  for  all  products  of  the 
procees,  which,  owing  to  their  fineneso,  cannot  be  screened,  that  is  for 
all  products  obtained  from  the  chambers  where  the  exhausted  fine 
dust  settles.  The  value  of  this  product  is,  however,  with  most  ores 
80  small,  that  a  forther  treatment,  when  water  is  scarce,  may  be 
neglected.  But  in  treating  complex  ores,  and  especially  those  in 
which  the  different  minerals  have  similar  specific  gravities,  it  is 
absolutely  necessary  to  combine  the  ordinary  wet  process  with  the 


the  Clarkson-Stanfield  dry  concentrator,  which  is  better  known 
in  this  country,  the  classification  by  size  precedes  the  concentrating 
process,  and  this  would  seem  to  be  the  more  rational  method.     The 

ration  of  this  machine  will  be  better  understood  by  reference  to 
illustration  (Fig.  78),  in  which  H  is  the  feed  hopper ;  P,  pulley 
driving  distributor;  D,  distributor;  F,  fan;  S,  sp^d  regiuator; 
N,  speed-regulator  handle ;  M,  air-damper  handle ;  K,  receiver.  It 
is  based  on  the  principle  that  when  a  piuiicle  of  weight  %d  is  revolved 
at  a  velocity  «  around  a  vertical  axis,  and  at  a  distance  r  from  it 
\§  representug  the  value  of  gravity),  the  centrifugal  force  is  repre- 

aented  by  the  expression .    Now  for  any  one  place,  ^  is  a  constant 

quantity;  r,  the  radius  of  the  distributor  is  constant;  and  r,  the 
velocity  with  which  the  outer  edge  of  the  distributor  revolves,  is 
laade  constant ;  therefore  to,  the  weight  of  the  particle,  is  the  only 
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variable  quantity.  Thus  the  centrifugal  force  with  which  each  par- 
ticle is  ejected  is  proportional  to  its  weight,  and  when  the  particles 
are  all  of  the  same  size  the  weights  are  proportional  to  the  densities. 
Thus  a  particle  of  galena  is  ejected  with  about  3  times  the  force 
which  carries  a  particle  of  quartz  of  the  same  size,  but  with  less  than 
twice  the  force  of  a  particle  of  blende,  in  accordance  with  their  relative 
specific  gravities.  A  particle  having  been  ejected  has  a  kinetic  or 
motive  energy  proportional  to  the  force  with  which  it  has  been 
ejected,  and  consequently  to  its  weight,  as  already  shown,  or  to  its 
density  for  particles  of  equal  size.  The  resistance  of  the  air  impedes 
the  motion  of  each  particle  to  an  extent  measured  by  the  ratio  of  this 
resistance  to  the  energy  of  the  particle,  and  thus  causes  a  separation 
of  particles  of  dififerent  weights.  Assuming  that  the  resistance  of  the 
air  is  proportional  to  the  area  of  the  cross-section  through  a  particle, 
the  distance  to  which  each  particle  will  fly  will  be  proportional  to 
the  ratio  of  its  weight  to  this  area. 


Fia.  78. — Olarkson-Stanfield  Conoentbatob. 

Since  the  introduction  of  the  machine  several  improvements  have 
suggested  themselves  in  the  direction  of  economy  in  operation,  such 
as  minimising  the  wear  and  tear,  augmenting  accessibility  for  control 
and  repairs,  and  rendering  the  process  as  automatic  as  possible.  Thus 
in  recent  forms,  the  driving  mechanism  for  the  distributor  is  sus- 
pended from  above,  where  it  is  out  of  the  way  of  the  discharge  and 
less  liable  to  be  impaired  by  falling  grit.  So  too,  with  the  various 
divisions  of  the  receiver,  instead  of  having  to  be  brushed  out  as  in 
the  older  form,  they  are  now  prolonged  downwards  at  the  bottom, 
forming  self-discharging  shutes.  Points  like  these  have  as  much  to 
do  with  the  industrial  success  of  a  machine  as  the  correctness  of  the 
principle  on  which  it  is  founded,  and  very  satisfactory  results  have 
followed  this  attention  to  practical  details.  The  machine  as  it  stands 
now  is  much  the  most  simple  of  the  dry  concentrators,  and  has  done 
excellent  work  on  mixed  ores  in  competition  with  wet  concentrators, 
with  as  good  efficiency  at  much  less  cost. 
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ALUM. 

To  a  Tery  small  extent,  alum  is  found  native,  as  an  efflorescence  or 
incrustation,  in  regions  of  recent  volcanic  activity,  where  it  is  col- 
lected, dissolved  in  water,  and  purified  by  re-crystallisation.  This 
product  as  found  contains  usually  equal  quantities  of  alumina 
snlphate  and  some  other  sulphate  combined  with  water. 

Alum  rock  or  alum  stone,  also  found  in  volcanic  districts,  is  pro- 
duced by  the  action  of  sulphurous  vapours  upon  aluminiferous  earths 
or  rocks.  It  is  composed  principally  of  alumina  sulphate  and  silica, 
various  samples  showing  the  following  range  of  percental  in- 
gredients:— Silica,  0  to  62;  alumina,  17J  to  40;  sulphuric  acid,  12 J 
to  35J;  potash,  1  to  14;  water,  3  to  10;  iron  oxide  usually  nil  but 
sometimes  1^.  The  mineral  is  calcined  in  large  kilns,  and  then 
lixiviated  with  boiling  water.  The  presence  cf  lime  carbonate  or  of 
iron  oxide  is  very  detrimental. 


o. 

h. 

c. 

d. 

Solphide  of  iron  (pyrites)     

4-20 

8-50 

38-48 

9^63 

Silica 

52-25 

51-16 

15-41 

20^47 

Protoxide  of  iron     

8-49 

6-11 

,, 

2^18 

Alumiiia   ..     

18-75 

18-30 

11-64 

18-91 

Lime 

1-25 

2-15 

2-22 

•40 

Magnesia 

•91 

•90 

-32 

217 

Oxide  of  manganese       

Sulphnric  acid  (SO,)      

trace 

trace 

,, 

-55 

1-37 

2-50 

,, 

-05 

PbUah      

•13 

trace 

,, 

1-26 

Soda 

•20 

trace 

,, 

-21 

aiorine 

trace 

trace 

, , 

Witer       

£•88 

2^00 

,, 

8-54 

Coal 

4-97 

8-29 

, , 

8-51 

Lew 

4-60 

(?) 

3-13 

1-59 

Carbon  or  bituminous  matter       ..     .. 

•• 

28-80 

•• 

Alnm  shale  is  of  much  greater  industrial  importance.  It  is  a  kind 
of  clay,  containing  much  iron  pyrites  and  bituminous  matter,  and 
closely  resembling  ordinary  clay  slate.  Large  beds  are  found  in  the 
Soan£navian  peninsula,  Bohemia,  the  Hartz,  and  the  mountainous 
districts  of  the  Lower  Ehine.  In  Great  Britain,  they  occur  at  Hurlet 
and  Campsie,  near  Glasgow,  near  Whitby,  in  Yorkshire,  and  in  Lanca- 
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shire  and  Warwickshire.  For  many  years  these  places  were  the  chief 
seats  of  the  mannfactxire,  alum  works  at  the  latter  place  having  been 
established  since  the  year  1600.  The  Whitby  beds  occur  in  Liassie 
strata,  and  are  overlaid  by  a  deposit  of  hard  stone  called  *'  dogger." 
The  shale  beds  reach  a  thickness  of  200-300  ft.,  and  are  of  a  bluish- 
grey  colour  and  general  shaly  character,  but  do  not  exhibit  regular 
features.  Some  portions  are  much  more  earthy  and  soft  than  others, 
these  being  the  most  richly  aluminous.  The  composition  varies  as 
shown  in  the  table  given  on  the  preceding  page,  a  being  Whitby  top 
rock ;  6,  Whitby  bottom  rock ;  c,  Campsie  top  rock ;  d,  Campsie  bottom 
rock. 

llie  mineral  is  submitted  to  pile  roasting  under  very  careful 
supervision,  an  operation  occupying  several  months.  Some  4000-6000 
tons  are  raised  yearly  in  Great  Britain,  and  500-3000  tons  in  Qermany, 
the  value  being  about  1 6«.  a  ton.* 

*  Full  details  of  manufacture  are  given  in  *Spon8*  Encyclopedia,'  article 
"  Alum." 
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AMBEB. 

This  interestiiig  fossil  resin  oocurs  along  the  shores  of  the  Baltic  in 
deposits  of  varying  thickness  and  productiveness.  Occasionallv 
detached  pieces  of  amber  are  gathered  along  the  Danish  and  Swedish 
coasts  and  on  the  eastern  counties  of  England.  Sicilian  amber,  from 
the  neighbourhood  of  Catania,  is  particularly  beautifal,  showing 
brilliant  plays  of  colour.  Amber  has  been  found  also  near  Basle,  in 
Switzerlajid ;  and  in  France,  particularly  in  the  Departments  of  Aisne, 
Bas  Bhin,  Oard,  and  Loire.  In  England  it  has  been  found  in  the 
London  clay;  and  in  the  United  States  in  New  Jersey,  Maryland, 
and  North  Carolina. 

But  with  the  exception  of  the  Burmah  deposits,  which  are  worked 
irr^larly,  and  have  an  indefinite  value,  the  only  commercial  sources 
of  amber  are  the  Baltic  mines.  Here  it  is  found  in  close  association 
with  mineralised  wood  underneath  a  covering  of  sand  and  clay  that 
in  places  is  40  and  50  ft.  deep.  The  amber  is  found  in  romided  or 
Btalactitio  pieces,  with  pyrites  and  sulphate  of  iron.  Some  of  the 
excavations  are  100  ft.  deep,  but  there  seems  to  be  little  regularity 
in  the  course  of  the  lead.  The  richest  deposits  are  between  Memel 
and  Konigsberg,  and  at  other  points  alon^  the  coast.  Here  the  amber- 
bearing  deposit  is  about  3  ft.  thick,  and  is  mined  as  any  other  similar 
itratum.  Amber  is  obtained  also  by  dredging  and  diving,  and  is 
picked  up  along  the  shore  after  heavy  storms.  Of  recent  years  the 
greater  amount  has  been  obtained  by  mining,  the  product  of  the 
dredgers  and  the  divers  having  shown  for  some  years  past  a  steady 
decline. 

A  certain  amount  of  preparation  is  necessary  before  marketing. 
The  lumps  are  freed  from  adhering  sand,  &c.,  by  washing,  and  then 
wrted  according  to  quality.  That  which  is  valuable  for  its  beauty  is 
treated  with  great  care,  and  worked  up  for  pipes,  <&c.  The  small 
B^Taps  are  steamed  with  chemicals  to  destroy  the  dark  colour,  and 
when  thus  rendered  clear  they  are  melted  and  agglutinated  into 
larger  pieces  and  are  thus  bought  by  viEtmish-makers.* 

The  total  production  amounts  to  the  very  large  figure  of  150  to 
200  tons  yearly,  and  the  average  value  is  stated  at  about  12«.  6<2.  a  lb., 
bat  varying  very  much  with  the  quality. 

*  See  Spona* '  Enoyclopadia,'  pp.  1628, 2023. 
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ARSENIC. 

Arsenic  is  an  iron-grey,  metallic-looking,  brittle  substance,  sometimes 
occurring;;  native  in  veins  in  the  older  rocks,  but  commercially  obtained 
principally  as  a  sulphide  in  association  with  iron  and  copper  pyrites 
and  tin-stone. 

Arsenic  itself  is  a  substance  of  no  commercial  importance,  bnt 
some  of  its  compounds,  as  the  oxide,  commonly  called  "  white  arsenic," 
or  '^arsenious  acid,"  and  the  sulphides,  orpiment  and  realgar,  are 
largely  used  for  various  industrial  purposes. 

Arsenical  pyrites,  or  "  mispickel,"  is  roasted  dolely  for  the  arsenic 
which  it  contains;  but  from  the  ores  of  tin  and  copper  arsenic  ifi 
obtained  as  a  bye-product  in  the  various  smelting  processes.* 

Arsenic  sublimes  at  424°  F.,  and  in  order  to  effect  the  thorough 
roasting  of  the  ore,  the  temperature  must  be  raised  to  low  redness, 
but  not  beyond,  since  any  increase  of  temperature  above  that  which 
is  absolutely  necessary  for  sublimation,  must  be  compensated  for  by  a 
greater  length  of  flue,  in  order  that  the  vapours  may  be  sufficiently 
cooled  in  their  progress  to  be  entirely  deposited.  This,  of  course, 
applies  only  to  the  ores  (as  mispickel)  which  are  roasted  solely  for 
the  sake  of  the  arsenic  which  they  contain.  When  tin  and  copper 
ores  are  employed,  and  arsenic  is  yielded  merely  as  a  bye-product,  a 
much  greater  heat  is  required,  and  consequently  the  series  of  flues 
and  condensing  chambers  must  be  longer  in  proportion,  in  order  that 
the  requisite  space  may  be  afforded  for  the  cooling  of  the  superheated 
vapours. 

The  arsenical  tin  and  copper  ores  of  Cornwall  and  Devonshire 
contain  arsenic  in  the  form  of  arsenical  pyrites  (Fe  As  -h  Fe  Sj),  a 
compound  of  arsenide  and  bisulphide  of  iron.  It  is  common  to  see 
the  manufacture  of  arsenious  acid  forming  part  of  the  first  process  to 
which  the  tin  ores  are  subjected  in  West  Cornwall,  and  the  copper 
ores  in  East  Cornwall.  The  quantity  of  arsenic  in  the  tin  ores  raised 
in  Cornwall  and  dressed  there,  either  at  the  mines  or  on  the  streams 
which  carry  down  tin  ores  from  the  hills  (**  stream  tin"),  varies 
greatly,  so  that  at  some  works  the  arrangements  for  collecting 
arsenious  acid  are  on  a  much  more  extensive  scale  than  they  are  at 
others.  The  process  is  similar  whether  it  be  a  cupreous  or  a  stannous 
ore  that  is  dealt  with. 

The  ore,  first  stamped  and  then  dressed  by  huddling,  is  subjected 
to  a  process  of  calcination,  the  object  of  which  is  to  bum  off  the 
arsenic  as  arsenious  acid,  and  the  sulphur  as  sulphurous  acid,  and  to 
peroxidise  the  iron.  Three  methods  of  doing  this  are  commonly  in  use 
in  Cornwall.     One  of  these  is  by  burning  the  ore  in  a  reverberatoiy 

*  Mnoh  useful  infonnation  on  ready  means  of  estimating  arsenic  will  be  foond 
in  a  paper  by  A.  Dickinson,  **  On  the  Assaying  of  Arsenic  Ores,"  in  Trana  Inst  Hin. 
and  Met.,  ii.  1 10. 
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famaoe  with  a  flat  bed,  on  which  the  ore  in  the  state  of  powder  is 
sabjected  to  a  dull  red  heat  for  about  24  hours,  during  which  it  is 
frequently  tnmed  over.  When  believed  to  be  sufficiently  burned,  it 
u  nked  out,  either  on  to  a  floor  or  a  hearth  prepared  to  receive  it. 
The  material  is  again  huddled,  and  the  product  of  the  washing  is 
again  calcined  for  about  12  hours,  this  time  with  a  stronger  heat.  In 
many  instances  one  calcination  is  found  to  suffice.  This  method  is 
cilled  "  hand-calcining."  If  the  heat  be  too  great  at  the  first  calcina- 
tion, or  if  the  material  has  been  introduced  not  sufficiently  dry  and 
powdery,  and  if  it  be  not  kept  well  stirred,  it  is  apt  to  cake,  and  then 
the  centre  of  the  caked  masses  may  be  insufficiently  burned.  Hence 
the  operation  requires  constant  careful  watching.  The  inside 
dimensions  of  these  flat  furnaces,  which  are  usually  built  in  pairs,  are 
commonly  20  ft.  long,  6^  ft.  wide,  and  16  in.  from  bed  to  roof;  a 
double  fornaoe  will  treat  8-10  tons  per  24  hours,  using  3  cwt.  coal  per 
t(m  roasted,  and  employing  2  men  on  each  8-hour  shift,  who  receive 
3-34#.  per  ton. 

Another  apparatus  largely  used  in  Cornwall  is  Brunton's  calciner. 
It  is  essentially  a  circular  reverberatory  furnace,  the  floor  or  bed  of 
which,  made  of  firebrick  laid  on  a  sUghtly  curved  table  of  iron, 
revolves  slowly.  Numerous  iron  "  flukes "  or  ploughs  project  down 
from  the  roof  nearly  to  the  bed,  and  are  so  constructed  as  to  turn  the 
powder  over  and  to  move  it  a  little  outwards  on  the  floor  as  it 
rerolves.  The  ore  fed  in  at  the  middle  of  the  roof  is  in  this  way 
made  to  travel  slowly  towards  the  edge,  and  at  last  to  fall  into  a  box 
or  "wrinkle  "  prepared  for  its  reception.  A  portion  of  ore  takes  6  to 
8  hours  to  travel  thus  to  the  edge.  The  calciner  is  heated  by  two 
fires,  placed  as  near  as  convenient  to  each  other,  opposite  the  uptake 
through  which  the  gases  escape.  It  is  said  that  tins  calciner  is  best 
adapted  for  stamped  ores,  stream  material  (ore  washed  down  in  the 
streams)  being  too  fine  to  be  dealt  with  in  this  way.  The  average 
capacity  is  4-5  tons  per  24  hours,  employing  1  man  per  12-hour  shift, 
who  receives  about  2«.  a  ton,  and  consuming  lj^2  cwt.  coal  per  ton 
ealcmed.  This  roaster  is,  perhaps,  the  most  efficient  so  far  as  uni- 
ft^mity  of  product  goes,  but  it  operates  slowly,  verifying  the  general 
law  that  oxidising  roasting  will  not  admit  of  hurry ;  it  might  be  much 
improved  in  speed,  capacity,  and  economy  of  fuel,  by  furnishing  sup- 
pWentary  supplies  of  pure  hot  air. 

The  third  kind  of  calciner  in  use  in  Cornwall  is  that  of  Oxland 
and  Hoddn,  shown  in  Fig.  79.  It  consists  of  a  wrought-iron 
cylinder  20  to  30  ft.  long,  with  an  internal  diameter  of  3  ft.  to  4  ft. 
( in.,  and  lined  with  firebrick.  It  is  mounted  in  an  inclined  position, 
and  caused  by  machinery  to  revolve  slowly ;  the  ore  fed  in  at  the 
upper  end  is  turned  over  and  over  as  it  flows  slowly  towards  the 
wwzt  end,  where  it  is  discharged.  The  turning  over  of  the  ore,  so  as 
to  expose  all  parts  of  it  to  the  heat,  is  eflected  by  four  longitudinal 
lihs  of  firebrick,  which  project  into  the  interior.  The  flame  horn  a 
fcrnaoe  enters  at  the  lower  end,  and  the  products  of  combustion  and 
calcination  pass  away  by  a  flue  from  the  elevated  end.  The  Oxland 
calciner,  which  is  often  only  an  old  boiler  shell  lined  with  firebrick, 
viD  least  20^25  tons  per  24  hours,  consuming  only  10-20  lb.  coal  per 
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ton,  and  employing  1  man  and  1  boy  per  8-liour  shift,  who  reowTe 
10-12(2.  a  ton.  It  is  thus  by  far  the  cheapest  in  fuel  and  labour,  but 
requires  2-3  b.p.  motive  power,  costs  more  for  repairs,  and  is  lea 
amenable  to  control,  so  that  its  work  is  not  uniform  and  sometimM 
an  excessive  draught  causes  mechanical  admixture  of  solid  particle 
of  ore  with  the  volatilised  arsenious  acid. 

A  fourth  mode  of  burning  a  highly  sulphurous  arsenical  ore,  oon« 
taining,  say,  as  much  as  30  per  cent  of  sulphur — at  any  rate  enongh 
to  bum  by  itself  without  fuel — is  in  kilns  built  like  the  limekilns  used 
for  continuous  burning,  but  covered  in  at  the  top,  where  the  ore  is 
charged  in  through  hoppers,  each  provided  with  a  damper  to  olofle  the 
bottom.  The  arsenious  and  sulphurous  fumes  are  carried  off  from  the 
upper  part  of  the  kiln  by  flues.     The  process  is  very  imperfect. 

At  Deloro,  Canada,  where  large  quantities  of  auriferous  mispickel 
have  been  worked,  the  Oxland  calciners  first  used  were  modified  by 
Rothwell,  as  follows : — In  the  upper  3-4  ft  of  the  cylinder  the  usual 
brick  shelves  were  retained,  but  were  arranged  spirally,  so  that  thej 


*'  screwed  "  the  charge  into  the  furnace  and  prevented  backing  up  t 
the  feed.  Beyond  that  distance,  the  brick  shelves  were  replaced  by  ti 
diaphragms  12  in.  wide,  which  met  in  the  centre  of  the  cylinder  ai 
divided  it  up  longitudinally  into  4  compartments,  so  that  the  ore  w 
divided  into  as  many  equal  parts,  each  revolving  in  its  own  oompai 
ment.  About  halfway  down  the  cylinder,  the  several  tiles  formii 
the  diaphragms  were  set  1  in.  apart,  so  that  as  the  cylinder  re  vol  v 
the  ore  filtered  down  from  one  compartment  to  another,  encounterii 
the  stream  of  air  passing  up  the  furnace,  which  air  was  supplied  1 
a  suction  fan  near  the  chimney  and  was  thus  always  under  cx>ntr 
With  two  furnaces  thus  equipped,  one  30  ft.  X  5J  ft.  delivering  int< 
second  60  ft.  x  6^  ft.,  48  tons  were  roasted  per  24  hours  with  2  m 
per  12-hour  shift,  and  a  third  during  the  day  on  the  cooling  floor,  1 
consum'ption  of  fuel  being,  it  is  claimed,  reduced  by  one-half. 

With  a  view  to  collect  the  arsenious  acid,  one  or  more  ohamb 
are  constructed  in  the  course  of  the  flue  (which  itself  is  nsua 
capacious)  to  the  chimney  shaft.  The  chamber  may  vary  in  hei^ 
from  7  to  12  ft.,  and  is  provided  with  a  number  of  vertical  parti tio 
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springing  alternately  from  opposite  sides  or  ends  of  the  chamber,  so 
as  to  oonstitnte  the  chamber  a  series  of  zigzag  passages  3  to  4  ft.  wide 
and  8  or  10  to  40  ft.  long.  Each  passage  or  section  in  the  zigzag  is 
prorided  with  an  iron  door,  by  which  a  workman  enters  it  at  dne 
intenrals  to  remove  the  deposited  arsenic,  but  which  at  other  times  is 
doeely  Inted  up.  From  the  chamber  the  flue  usually  proceeds  either 
straight  or  angularly,  and  when  feasible  up  a  hill-side,  to  the  chimney- 
ahaft  Fig.  80  is  a  plan  of  one  of  these  zigzag  chambers.  It  is  6  ft. 
high,  but  there  are  other  chambers  longer  and  higher.  From  the 
ohamberB  at  Devon  Great  Consols  a  capacious  flue  passes  with  an^lar 
beodings  for  150  yd.  up  a  hill  to  the  chimney  stack,  120  ft.  high, 
the  base  of  which  is  80  ft.  above  the  level* of  the  works.  Other  works 
have  chambers  much  longer.    For  instance,  at  the  burning-houses  in 


Fio.  80.— Ansxirio  Oon>iN8iKa  Flue. 


^  Tuckingmill  Valley  there  is  a  zigzag  chamber  containing  18 
pvagea,  each  33  ft.  long  and  7  ft.  high  by  4  ft.  wide,  and  at  the 
paat  rool  **  burning-house,"  close  to  it,  there  are  400  yd.  and  more, 
|K«t1y  of  similar  ziezag,  10  or  12  ft.  high,  between  the  oalciners 
|Bd  the  chimney.  The  flues  are  also  in  all  cases  provided  with  doors 
ll  convenient  distances  when  they  are  above  ground,  as  they  usually 
pe ;  but  sometimes  they  are  constructed  under  ground,  and  then  they 
pre  to  be  opened  above  to  gain  access  to  the  interior  of  them. 

If  the  flues  be  duly  tight,  all  the  sulphurous  acid  from  the  com- 
■stion  of  the  ore  not  condensed  with  the  watery  vapour  in  the  flues 
Uid  this  is  probably  only  a  small  proportion  of  the  whole)  escapes 
Ito  the  air  by  the  chimney,  and  with  it  so  much  of  the  arsenious 
lid  passes  off  as  the  flues  have  failed  to  arrest.  In  works  where  the 
li  is  more  sulphurous  than  arsenical,  but  little  pains  are  sometimes 
iIeoi  to  collect  the  arsenic,  and  then  the  larger  proportion  of  it  goes 
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off  by  the  chimney  with  the  snlphnrous  acid.  By  bnilding  the  firs^ 
portion  of  the  condenser  as  a  spacious  chamber,  and  making  the  eiii 
for  the  vaporous  part  of  the  fnmes  some  10-12  ft  high  above  the 
entrance,  considerable  mechanical  cleansing  can  be  secured,  as  i^ 
remains  hot  enongh  to  avoid  condensation  in  the  chamber.  The  sides 
and  bottom  of  this  chamber  are  made  steeply  sloping,  and  the  feed 
of  the  raw  ore  is  carried  through  it.  By  building  a  lip  of  boiler  iroii 
into  the  base  of  the  chamber  it  will  deliver  ore  and  dust  within  the 
grasp  of  the  spiral  shelves  described  above. 

The  arsenious  acid  taken  from  the  flues  and  zigzags  of  tL^ 
burning-houses  is  more  or  less  crystalline,  and  mixed  with  sootj 
matters  and  also  with  some*  moisture  which  is  acid  from  the  oxidatio^ 
of  the  sulphur  of  the  ores ;  it  has  therefore  to  be  refined.     For  thifl 


Figs.  81,  82.— Befookg  Absbnio. 

purpose  a  reverberatory  furnace  is  again  used,  with  a  flat,  square,  en 
oblong  floor,  and  smaller  than  the  furnace  used  for  hand-calcining 
The  fuel  used  is  mostly  coke,  and  sometimes  a  second  fire  is  used,  th« 
flue  from  which  is  made  to  pass  beneath  the  floor  of  the  oven.  TIm 
volatilised  arsenic  is  collected  in  zigzags  as  before.  Such  refined 
arsenic  is  powdery :  when  lump  or  vitreous  arsenious  acid  is  to  b< 
made  the  arrangement  adopted  is  of  a  different  character.  There  an 
two  forms  of  apparatus  in  use  for  this  purpose.  In  the  one  form 
Fig.  81,  a  strong  circular  cast-iron  dish  a,  about  2  ft.  wide,  is  prcv 
vided,  which  is  supported  by  the  flange  over  a  fire ;  on  this  is  placed 
a  conical  iron  cover  &,  termed  the  '*  kettle,"  and  the  flange  of  tlM 
kettle  is  closely  fitted  to  that  of  the  dish  by  wedges.  At  the  summii 
of  the  cone  is  a  hole  about  2  in.  wide,  which,  during  the  sublimatidi 
of  the  arsenic,  is  closed  by  a  stopper  e.  A  pair  of  these  dishes  aM 
placed  so  as  to  be  heated  by  one  fire,  in  a  sort  of  closet  terminstb^ 
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aboTo  in  a  low  cbinmey  and  enoloeed  in  front  by  an  iron  door,  so  that 
anj  arseniona  acid  that  may  escape  shall  not  pass  into  the  room,  and 
80  injure  the  workmen.  The  charging  is  effected  in  portions  thus : 
the  kettle  being  wedged  on,  a  quantity  of  crude  arsenious  acid  is 
introduced  by  a  funnel  into  the  hole  at  the  top,  and  falling  down 
fonns  a  little  conical  heap  in  the  centre  of  the  dish.  A  similar  firesh 
charge  is  introduced  about  eyety  2  hours,  and  at  the  end  of  about 
24  hours  the  fire  is  put  out  and  the  kettle  is  removed,  when  the 
ritieous  arsenic  is  found  coating  its  interior,  and  is  chipped  out. 

The  other  form  of  apparatus  is  indicated  by  Fig.  79.  It  oonsierte 
of  four  flanged  pieces  bolted  together  by  their  flanges.  The  lower- 
most is  a  strong  cast-iron  pot  a,  about  2  ft.  deep  and  18  in.  wide, 
heated  by  a  fire  beneath  and  all  round.  Above  this  are  two  cylin- 
drical pieces  &,  rising  above  the  pot  to  a  height  of  about  3  ft.,  and 
surmounting  these  is  a  conical  piece  e,  from  the  summit  of  which  a 
3-in.  pipe  conveys  any  uncondensed  matters  into  a  zigzag  chamber. 
The  charge  is  all  introduced  at  once,  and  the  process  of  volatilisation 
18  completed  in  about  4  hours.  The  fire  is  then  put  out,  and  the 
apparatus  is  allowed  to  cool;  the  vitreous  arsenious  acid  is  found 
Iming  the  three  top  pieces.  VN  hatever  escapes  condensation  in  the 
apparatus  is  passed  into  the  zigzag,  and  not  as  in  the  other  form  of 
apparatus  into  the  air. 

When  the  fumes  are,  as  is  the  case  at  some  works,  carried  in  tight 
flues  up  a  hill-side,  and  discharged  from  the  top  of  a  tall  chimney,  or 
where  the  works  are  situated  in  a  wild  uninhabited  part  of  the 
coimtry,  no  offence  or  damage  is  occasioned  by  the  fumes  so  discharged ; 
Imt  in  some  cases,  where  carelessness  or  bad  arrangements  of  the  flues 
and  chimney  prevail,  the  nuisance  from  the  fumes  is  considerable, 
espedally  when  the  burning-houses  are  situated  at  the  bottom  of  a 
narrow  valley,  and  the  chimney  tops  are  not  higher  than  the  level  of 
the  head  of  the  valley.  Nuisance  may  also  arise  from  drawing  the 
ore  before  it  is  thoroughly  calcined,  and  from  leaky  flues.  The  un- 
condensed fumes  should  be  discharged  at  such  an  elevation  and  at 
such  a  distance  from  dwellings,  crops,  and  water  supplies  that  they 
•hall  be  thoroughly  dispersed  before  they  have  time  to  fall.  Where 
this  is  not  practicable,  other  remedies  are  not  easily  to  be  found,  as 
the  add  fumes  given  off  by  the  calciners  are  largely  diluted  with  air, 
and  most  difficult  of  condensation.  Any  additional  condensing  appli- 
ance, such  as  a  water  spray  or  dip  tower,  greatly  impedes  the  dmught, 
and  renders  a  blower  or  fan  almost  a  necessity.  Where  there  is  a 
demand  for  impure  sulphuric  acid,  the  fumes  may  be  conduct^ 
through  leaden  chambers  afier  precipitation  of  as  much  arsenic  as  can 
be  thrown  down;  but  where  the  ore  is  rich  in  arsenic  so  much  air  has 
to  be  admitted  for  its  oxidation  that  this  plan  is  not  feasible.* 

The  quality  of  commercial  arsenic  depends  upon  its  purity.  The 
best  quality  is  perfectly  white,  but  the  presence  of  sulphur,  due  to  its 
deposition  with  the  arsenic  in  the  condensing  flues  or  chambers, 
imparts  to  the  latter  a  highly  objectionable  yellow  tinge.  This  is 
especially  characteristic  of  the  German  article,  which  is  often  called 
"yellow  arsenic."    The  arsenic  from  Swansea  is  also  yellowish  in 

*  For  farther  details  of  manofiacture,  see  Spons'  *  Encyclopndia,'  p.  336. 
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colour,  while  that  from  the  works  in  Cornwall  and  Devon  is  entiioly 
free  from  stilphur.  That  obtained  from  treating  tin  whits  is  often  so 
soiled  by  smoke  as  to  be  called  *'  arsenical  soot,"  and  requires  to  be 
re-snblimed  before  putting  on  the  market.  Befined  arsenic  should  be 
in  compact,  Titreous  lumps,  and  perfectly  free  from  particles  of 
metallic  arsenic ;  when  of  bad  quality,  it  is  in  loose  masses,  more  or 
less  soft  and  friable,  due  to  re-subliming  the  crude  acid  under  too 
feeble  a  temperature. 

The  production  of  arsenic  in  Great  Britain  fluctuates  between 
about  4000  and  8000  tons  annually,  with  a  value  of  about  6  to  92.  a  too. 

Considerable  quantities  of  white  arsenic  have  of  late  years  been 
produced  at  the  (Catling  mines  near  Marmora  (Deloro),  Ontario, 
Canada,  as  a  bye-product  of  the  treatment  of  auriferous  mispickel  for 
recovery  of  the  precious  metal,  the  mispickel  oocurring  abundantly 
in  quartz  veins  in  granite. 
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ASBESTOS. 

Thb  ^miliar  fibrous  Bubetanoe  oommonlj  knovm  as  asbestos  embraces 
at  least  two  distinct  minerals — asbestos  proper,  which  is  a  variety  of 
hornblende;  and  cbrysotile,  which  is  a  variety  of  terpentine,  and 
readily  distingnishable  by  its  yielding  water  when  heated  in  a  closed 
tnbe.  Thongh  both  minerals  are  found  in  the  altered  crystalline 
rocks,  each  has  its  particular  associates,  and  while  asbestos  proper 
occnn  in  metamorphics  rich  in  hornblende,  chrysotile  is  encountered 
b  distinct  veins  penetrating  masses  of  serpentine,  which  have  gene- 
rally resulted  from  the  alteration  of  eruptive  rocks  rich  in  olivine. 
Commercially,  the  two  minerals  are  indiscriminately  known  as  asbes- 
tos, but  they  possess  marked  features  governing  their  mercantile 
▼aloe,  despite  close  resemblances  in  cliemical  composition.  The 
Italian  product  is  true  asbestos ;  the  Canadian  is  chrysotile.  These 
two  countries  practically  supply  the  whole  output. 

Although  asbestos  mining  and  prospecting  in  Canada  has  con- 
tinned  for  years,  and  the  areas  of  serpentine  are  very  extensive,  the 
portions  in  which  asbestos  of  good  quality  or  in  paying  quantity  is 
found,  are  in  comparison  so  small  that  mining  operations  are  practi- 
cally confined  to  two  centres  only  a  short  distance  apart  These 
places  may  be  reached  in  a  few  hours  from  the  city  of  Quebec  by 
train  on  the  Quebec  Central  Railway,  which  runs  through  the  heart 
of  the  asbestos  mining  district  at  Thetford  and  Black  Lake  Stations, 
about  midway  between  Quebec  and  Sherbrook.  The  formation  is 
Betamorphio,  and  the  asbestos  is  found  in  a  belt  of  serpentine  which 
eitends  from  the  township  of  Broughton  on  the  north-east,  to  that  of 
Ham  on  the  south-west,  and  includes  the  townships  of  Thetford, 
Coleraine,  Ireland,  and  Wolfreston.  The  whole  district  in  which 
asbestos  is  thus  mined  has  a  radius  of  about  10  English  miles. 

The  asbestos-bearing  lode  of  serpentine  varies  in  width  from  10  to 
100  fL,  and  in  many  parts  contains  innumerable  veins  of  asbestos 
▼arying  from  \  in.  up  to  4  in.  thick,  which  cross  and  re-cross  each 
other  in  every  direction  and  at  every  angle.  Frequently  several  veins 
ire  found  parallel  to  each  other,  being  only  separated  by  thin  layers 
of  chrome  ore.  The  outcrop  of  the  veins  is  generally  impure,  contain- 
ing oxide  of  iron,  and  being  leathery  instead  of  fibrous ;  but  a  few 
feet  in,  this  disappears,  and  the  veins  are  of  a  beautiful  greenish- 
vhite  colonr. 

llie  mining  of  asbestos  is  wholly  conducted  by  opencast  or 
quarrying,  the  drilling,  blasting,  and  removing  of  the  broken 
rock  oat  of  the  pits  to  the  dumps  going  hand  in  hand  with  the 
^thering  of  the  asbestos  mineral  and  transport  of  the  same  to  the 
iiesnng  establishment  or  cobbing  shed.  The  average  cost  of  this  in 
Quebec  may  be  set  at  about  l|d.  per  ton  of  rock  handled  for  drilling, 
1^  for  blasting,  and  12^.  for  removing  of  rock  and  gathering  asbes- 
tca  in  the  pits.    The  cost  of  production  of  1  ton  of  asbestos  will 
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naturally  depend  npon  the  nnmber  of  tons  of  rock  to  be  removed 
per  ton  of  asbestos,  or  npon  the  richness  of  each  indiyidnal  mine. 
Few  places  show  gronnd  as  rich  as  50  tons  of  rock  per  ton  of  asbestos, 
while  others  run  as  high  as  150  and  more.  One  per  cent,  of  asbestos 
in  the  works,  with  a  fair  proportion  of  high  grade  (that  is,  long  fibre), 
is  considered  a  profitable  mine  at  the  present  price  of  the  product 
Dressing  or  cobbing  consists  in  separating  the  asbestos  fibre  m>m  ike 
adhering  rock,  and  grading  it  in  cufferent  qualities,  followed  bj  pack- 
ing, transport  to  railroad,  loading,  shipping,  and  marketing.  0^ 
course,  the  cost  of  cobbing  varies  considerably,  according  to  the 
quality  of  the  material.  While  some  stuff  will  break  from  the  stone 
very  easily,  other  kinds  require  considerable  labour.  Some  occasion- 
ally may  be  contracted  for  at  12«.  per  ton  (this,  however,  never  in- 
cludes the  manipulation  of  cobbing  stones),  while  other  material  may 
cost  as  high  as  32.  and  more.  Including  the  breal^g  of  the  cobbing 
stones,  28«.  may  be  estimated  as  the  average  cost  of  cobbing  for  a  ton 
of  marketable  matoriaL  Bags  and  bagging,  with  transport  to  railway 
and  loading,  may  be  set  at  an  average  cost  of  8«.  per  ton ;  supplies, 
such  as  fael,  steel,  iron,  timber,  and  other  material  and  repairs,  22«. 
per  ton;  general  business  expenses,  management,  insurance,  offices, 
and  marketing  product,  24».  ^r  ton :  to  which  is  to  be  added  weai 
and  tear  of  machinery,  depreciation,  and  interest  on  capital. 

The  grading  is  done  in  three  qualities.  ^'  No.  1 "  represents  the 
longest  and  finest  fibre,  from  about  f  in.  up,  without  discoloration 
and  is  used  chiefly  for  spinning  purposes.  ^' No.  2  "  is  composed  of  an 
inferior  grade  of  lone  fibre,  being  either  harsh  and  less  flexible  oi 
discoloured  (princip^ly  from  iron),  and  short  but  clear, — Le.  un- 
broken  fibre  from  about  \  in.  up—and  is  principally  used  for  inferioi 
qualities  of  wick-packings  and  for  fillers.  '^  No.  3  "  consists  of  pieces 
containing  still  shorter  fibre,  to  a  large  extent  intermixed  with  aer 
pontine  and  iron,  and  is,  when  cleaned  from  foreign  substances,  prin 
cipally  xu9ed  in  the  manufacture  of  paper,  cardboard,  &c. 

It  has  been  noticed  by  Dr.  Ells  that  the  serpentine  carrying  tbt 
marketable  asbestos  is  generally  of  some  shade  of  green  on  fresh  frac 
ture,  usually  a  greyish  green,  and  in  which  are  contained  numeronj 
small  particles  of  iron,  both  magnetic  and  chromic,  more  usually  Uh 
former.  Serpentines  that  have  a  black,  hard,  chippy  aspect  do  no 
promise  welL  In  the  asbestos-bearing  rock  proper  the  veins  of  asbestoi 
are  seen,  without  any  special  arrangement,  intersecting  the  mass  of  ^< 
rock  generally  in  every  direction.  In  size  they  range  from  mere  thread 
sometimes  close  together,  to  a  thickness  of  1  to  2  in.  and,  very  oc 
casionally,  3  to  4  in.  The  asbestos  from  these  larger  sized  veini 
provided  it  contains  no  serious  impurities,  is  classed  as  "No.  1,"  aiu 
is  used  for  spinning  and  weaving. 

Hand  labour,  which  is  much  employed  in  Italy,  owing  to  the  diffi 
cult  nature  of  the  ground,  has  been  largely  superseded  in  Canada  1/ 
the  use  of  steam  derricks,  drills  worked  by  compressed  air,  and  oihe 
appliances. 

Of  Italian  asbestos  there  are  three  distinct  varieties,  viz.  the  grej^ 
which  has  a  long  strong  fibre,  and  is  saponaceous  to  tiie  touch ;  th 
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fiony,  which  has  a  smooth,  Bilky  appearance,  but  is  dry  to  the  touch ; 
and  asbestos  powder,  which,  while  posseesiDg  all  the  heat-resisting 
properties  of  the  preceding,  orambles  into  powder  when  crushed. 

When  asbestos  is  first  found  in  any  new  place,  generally  the  ooly 
soperficial  indication  is  that  the  cracks  in  the  rocks  are  filled  with  a 
white  powdery  substance.  When  the  surface  is  broken  up,  this 
nsoally  changes  into  a  leathery  looking  material,  and  entering  still 
fiirther,  the  true  asbestos  fibre  may  be  found. 

The  Italian  mineral  lies  in  beds  and  pockets  which  are  mostly 
reached  by  open  quarrying,  dynamite  being  largely  used.  Transport 
of  the  crude  mineral  down  the  mountain  side  is  often  effected  by 
loading  it  in  a  sort  of  sled,  about  8  cwt.  at  a  time,  which  two  men  can 
guide  over  the  ground,  whether  it  be  snow-covered  or  not. 

The  lumps  of  mineral,  as  they  are  taken  from  the  mine,  consist  of 
bundles  of  hard  fibres,  lying  parallel  to  one  another,  and  strongly 
bound  together.  They  vary  in  colour  from  light  grey  to  brown,  and 
the  general  appearance  of  a  fine  sample  of  asbestos  is  suggestive  of 
the  interior  of  the  riven  trunk  of  a  tree.  By  the  exervise  of  a  littlo 
care,  threads  may  be  separated,  many  feet  or  even  yards  in  length, 
the  oontiniiity  being  perfect  from  end  to  end,  the  o^oneral  appear- 
ance and  strength  being  very  similar  to  those  of  flax.  It  is  this 
quality  of  length  and  strength  of  fibre  that  distinguishes  Italian 
ttbestos  from  aU  other.  The  best  comes  from  Eniarese;  the  most 
fire-proof  from  Usseglio;  that  of  Campiglia  Souna  has  long  fibres, 
bat  is  often  in  a  state  of  decomposition ;  on  the  whole,  the  mineral 
from  Yaltellina  has  the  strongest  fibres. 

Asbestos  of  inferior  quality  is  found  in  a  number  of  localities  in 
the  United  States,  but  these  are  for  the  most  part  of  no  more  than 
znineralogical  interest,  and  have  never  become  important  producers. 
The  total  amount  of  asbestos  mined  in  the  United  States  in  1889  was 
bat  30  tons ;  in  1890,  the  product  was  only  71  tons,  the  production  in 
eadi  year  being  limited  to  Oalifomia.  In  1 89 1  the  output  was  66  tons. 
The  American  mineral  is  adapted  only  for  grinding,  for  paints  and 
cements,  for  boiler  and  steam-pipe  covering,  &c. 

African  asbestos  is  dark  blue  in  colour,  and  while  the  length  of 
the  fibre  is  about  the  same  as  the  Canadian,  it  is  altogether  wanting 
in  fire-resisting  power.  Whilst  Italian  asbestos  contains  nearly  80 
per  cent,  magnesinm  silicate  and  only  about  3  per  cent,  iron  oxide, 
this  African  asbestos  only  contains  about  50  per  cent,  silica  and  no 
less  than  40  per  cent,  iron  oxide.  It  will  not  stand  much  heat  with- 
out disintegrating  and  becoming  quite  rotten,  this  effect  being  pro- 
bably due  to  the  fact  that  a  portion  of  the  iron  is  in  the  form  of  a 
ferrous  salt.  By  exposure  to  air  and  heat  this  salt  oxidises,  and 
alters  the  composition  of  the  asbestos  to  such  an  extent  that  it  is 
easily  charred. 

A  considerable  quantity  of  asbestos,  somewhat  resembling  the 
Canadian  in  character  and  formation,  has  been  imported  from  beyond 
the  Ural  Mountains  in  East  Bussia.  This  fibre,  although  darker  in 
odIout  than  the  Canadian  asbestos,  is  certainly  superior  to  the  African, 
but  has  very  little  commercial  value. 
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In   oompoBition,  asbestos  is  essentially  a  hydrated  magnesium 
silicate.    The  following  analyses  are  interesting  for  oomparison  :•— 
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A  curious  feature  of  Canadian  asbestos  is  that  while  it  is  perfectly 
fireproof  and  acid-proof,  it  is  easily  damaged  if  exposed  to  rain  or 
water  when  newly  mined,  becoming  hard  and  woody. 

Asbestos  is  used  in  making  liquid  and  fireproof  paints,  roofiog, 
piston  and  valve  packing,  flat  packing,  covering  steam-pipes  and 
boilers,  fireproof  cements,  sheet  and  roll  millboard,  flooring,  felt, 
tubes  for  carrying  electric  wires,  lamp- wicks,  <&c.  It  is  often  used  in 
combination  with  hair  felts  and  other  substances. 

All  asbestos  goods  may  be  classed,  as  regards  their  process  of 
manufacture,  under  two  heads — paper  and  yam.  The  paper  may  be 
worked  up  in  various  ways,  and  the  yam  may  be  twisted,  plaited,  or 
woven,  but  the  crude  material  is  niade  to  assume  one  of  these  two 
forms  before  it  is  worked  into  the  finished  article. 

The  crude  asbestos  is  brought  in  bass  containing  1  to  2  cwt.  each. 
When  unpacked,  it  is  found  in  pieces  of  all  sizes  from  that  of  a  man's 
hand  to  such  as  a  man  can  scarcely  lift.  These  have  first  to  be  opened 
out  to  free  the  fibres  from  one  another,  and  from  the  non-fibrous 
material  by  which  they  are  bound  together.  For  this  purpose  a 
machine  has  been  devised  consisting  of  two  rollers  covered  with  teeth 
of  pyramidal  form.  These  revolve,  as  a  rule,  at  equal  peripheral 
speeds,  and  at  the  same  time  have  a  sideways  motion  in  relation  to 
each  other,  so  that  the  asbestos,  which  is  fed  in  with  the  fibres  lying 
parallel  to  the  line  of  motion,  is  both  crushed  and  separated  at  the 
same  time.  By  the  direct  pressure,  the  binding  agents  are  separated, 
and  then  the  loosened  fibres  are  combed  apart  by  the  reciprocating 
motion,  which,  however,  is  not  sufi&ciently  great  to  interfere  with 
their  parallelism.  In  the  subsequent  operations  there  is  nothing 
special,  the  short  fibre  being  dealt  with  like  paper  pulp,  and  the  long 
fibre  being  spun  and  woven  as  a  textile. 

The  total  yearly  production  is  about  6000  to  9000  tons  of  Canadian, 
and  about  half  that  quantity  of  Italian.  The  trade  being  in  fev 
hands  prices  fluctuate  arbitrarily,  ordinary  figures  being  20/.  a  ton 
for  Italian  and  8/.  to  152.  a  ton  for  Canadian. 
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ASPHALT. 

OuGiHALLY  applied  speoificallj  to  a  peculiar  substance  found  in  a 
single  localitj — on  the  shores  of  the  Dead  Sea — ^the  term  asphalt  is 
BOW  used  generioally  to  denote  a  great  number  of  semi-solid  bitumens 
or  bituminous  rooks,  differing  widely  from  each  other  in  chemical 
composition  and  in  behaviour  under  the  influence  of  heat  and  of  re- 
sgentsL  The  original  substance,  of  which  very  little  is  seen  now, 
WES  defined  as  having  a  sp.  gr.  of  1*0  to  1  * 2,  fusing  at  212°  F.,  dis- 
Bolving  in  five  times  its  weight  of  naphtha,  insoluble  in  water  and  in 
alcohol,  emitting  a  strong  smell  of  pitch,  and  burning  with  a  bright 
flame.  All  bituminous  minerals  are  supposed  to  be  derived  from 
vegetable  matters  acted  on  by  water,  other  conditions  probably  being 
exdusion  of  air,  and  presence  of  heat  or  pressure,  or  both. 

Until  the  remarkable  impetus  given  to  the  asphalt  industry  in 
California  and  Utah  in  1888,  me  Pitch  Lake  in  the  island  of  Trinidad, 
and  the  deposits  of  Seyssel,  in  France,  Yal  de  Travers,  in  Switzerland, 
and  Limmer,  in  Brunswick,  furnished  the  bulk  of  the  world's  supply. 
Cuba  produces  asphalt  of  excellent  quality,  some  of  which  has  been 
imported  into  the  United  States.  Venezuela  has  furnished  a  small 
portion  of  the  supply  in  the  past,  and  a  few  tons  of  bituminous  lime- 
stome  are  produced  annually  in  the  island  of  Sicily.  In  Mexico  large 
deposits  of  asphalt  are  reported. 

The  American  discoveries  have  led  to  a  multiplication  of  names 
without  any  corresponding  usefulness,  each  deposit  apparently  re- 
ceiving a  new  appellation.  Thus  we  have  albertite,  aspnaltum,  brea, 
elaterite,  gilsonite,  grahamite,  maltha,  piauzite,  uintite  (or  uintahite), 
wolongonzite,  ieind  wurtzilite. 

The  most  important  European  source  of  asphalt  is  a  limestone 
hiU  impregnated  with  bitumen  close  to  the  town  of  Seyssel,  on  the 
Bhone.  The  product  varies  much  in  appearance  and  in  the  propor- 
tions of  bitumen  and  limestone,  but  contains  no  other  substance. 

The  Yal  de  Travers  mine  is  very  different  from  that  of  Seyssel. 
It  is  much  richer  in  bitumen,  but  of  considerably  less  extent.  The 
bed  of  asphalt  is  covered  with  a  thin  layer  of  soil,  underneath  which 
is  another  layer  of  earthy  asphalt,  varying  in  thickness  from  2  ft.  6  in. 
to  3  ft.  The  bed  itself  is  circular  in  form,  about  22  ft.  thick  and 
1 60  yd.  diam.  It  contains  12  or  13  per  cent,  of  bitumen,  and  it  was 
the  first  kind  ever  employed  in  the  construction  of  pavements. 

These  two  mines  are  by  far  the  most  important  Enropean  sources 
r»f  asphalt ;  but  there  are  several  smaller  ones  from  which  an  equally 
good  product  is  obtained,  e.g.  those  of  Challonge,  Gbavaroche, 
Hanosque,  Lobsann,  Dallet.  and  Pont  du  Chateau.  There  is  also  a 
large  mine  at  Maestu,  near  Yittoria,  in  Spain,  the  product  of  which  is 
of  a  very  fine  quality ;  but  access  to  this  mine  can  only  be  gained  by 
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means  of  mules  and  oxen,  which  is  a  serious  drawback  to  its  snccessfal 
workine. 

Asphalt  is  ordinarily  obtained  from  the  mine  by  blasting,  like 
other  rocks.  This  is  sometimes  carried  on  in  the  open  air,  as  at 
Seyssel  and  Yal  de  Travers,  and  sometimes  in  underground  workin};6, 
as  at  Challenge  and  Chavaroche.  In  winter,  owing  to  the  hardness 
of  the  rock,  the  work  is  much  easier  than  in  summer,  when  it  is  more 
or  less  soft  and  sticky.  It  sometimes  happens  that  the  elasticity  of 
the  mineral  cannot  be  overcome  by  gunpowder,  in  which  case  it  must 
be  hewn  out  with  the  pick.  In  the  very  hot  weather,  the  miners 
work  for  only  a  few  hours  in  the  morning,  before  the  rock  has  had 
time  to  soften  under  the  influence  of  the  sun.  These  remarks  do 
not,  of  course,  apply  to  the  extraction  of  the  rock  from  underground 
workings,  where  these  obstacles  are  avoided  by  the  unvarying  low 
temperature  of  such  workings.  The  blocks  of  mineral  should  never 
be  piled  up  in  high  heaps,  as  in  such  a  oa^e  an  elevation  of  tern- 
perature  would  cause  the  undermost  blocks  to  crumble  to  piecee, 
when,  should  the  fragments  become  mixed  with  rain-water,  the  sub- 
sequent operations  are  much  impeded. 

The  best  European  asphalt  is  lime  carbonate  (containing  some- 
times slight  traces  of  silica)  impregnated  naturally  with  bitumen,  is 
the  proportion  of  about  7  or  8  parts  of  bitumen  to  93  or  92  parts  of 
the  limestone.  The  mineral  is  found  in  layers  interposed  between 
beds  of  ordinary  limestone,  especially  in  the  Upper  Jurastsic  forma- 
tion, and  presents  the  following  physical  characteristics : — 

Its  colour  is  a  deep  chocolate,  almost  black.  Its  fracture  also  i 
resembles  chocolate  in  appearance  and  colour;  it  is  granular  and 
irregular,  without  any  plane  of  cleavage ;  its  colour  is  deeper  accord- 
ing as  it  is  worked  in  the  direction  of  the  stratification  or  perpen- 
dicularly to  that  direction ;  it  is  deeper  and  more  floury  in  the  first 
case,  and  drier  and  clearer  in  the  second.  Each  individual  mine  has 
its  own  particular  shade.     In  consistence,  it  varies  with  the  tern- 

Eerature ;  it  is  very  hard  and  sonorous  when  cold,  but  softens  when 
eated,  until  at  120°  to  140°  F.  it  falls  to  powder.     Its  average  sp.  gr. 
is  2*235.     Its  structure  varies  in  difierent  samples. 

Asphalt  of  the  best  quality  may  be  known  by  the  following  con- 
ditions : — The  grain  is  fine  and  homogeneous,  and  does  not  exhibit  a 
particle  of  ordinary  or  white  limestone.  The  rock  is  often  lined  with 
streaks  of  a  darker  colour  than  the  rest,  which  give  it  very  much  the 
appearance  of  a  tiger^s  skin.  Other  samples  contain  crystals  of  lime 
carbonate,  impregnated  with  bitumen  like  the  rest,  sometimes  of  con- 
siderable size.  All  these  varieties  are  perfectly  good  so  long  as  tbey 
are  completely  penetrated  by  the  bitumen.  Bad  qualities  may  bs 
recognised  as  follows : — Sometimes  the  rock  is  regularly  impregnated, 
but  the  proportion  of  bitumen  is  as  low  as  6  per  cent.,  when  it  can  be 
worked  only  with  much  difficulty.  iSometimes  the  limestone  is  very 
hard  and  much  cracked,  the  cracks  being  filled  with  bitumen,  bo  that, 
when  broken,  the  fracture  appears  brownish  black,  like  the  good 
samples,  but  when  examined  with  the  microscope,  the  impregnation 
is  seen  to  be  very  incomplete.  Samples  of  this  kind  are  frequently  met 
with  in  Auvergne.    Sometimes  the  limestone,  while  it  appears  rich  ia 
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bitumen,  contains  clay,  which,  being  impenetrable,  spoils  the  homo- 
geneity, and  canses  the  fissures  so  often  seen  in  streets  paved  with 
the  material ;  the  presence  of  clay  in  the  sample  is  easily  recognised. 
Some  bituroinons  limestones,  that  of  Lobeann/  for  instance,  contain 
an  oily  principle  besides  the  bitumen,  which  renders  them  greasj,  and 
spoils  the  consistence  of  "mastic"  made  from  it;  this  oil  may  be 
removed  by  distillation,  after  which  the  asphalt  is  fit  for  use.  When 
asphaltio  rock  has  been  long  exposed  to  the  air,  the  bitumen  on  the 
gnrfaoe  dries  up,  to  a  depth  of  about  *01  in.  This  desiccation,  which 
is  due  to  the  slow  evaporation  of  the  bitumen,  is  sufficient  to  discolour 
the  asphalt  so  much  that  it  becomes  similar  in  appearance  to  ordi- 
nary omestone ;  blocks  of  this  kind,  which  are  suspected  to  contain 
bitnmen,  must  be  broken  up  to  ascertain  the  colour  of  the  interior, 
ling  evaporation  rarely  extends  farther  into  the  rock  than  ^  in. 

Inferior  asphalts,  such  as  the  bituminous  limestones  of  Auvergne, 
contain  clay,  silica,  magnesia,  iron  salts,  &c.  The  Auvergne  samples 
contain  also  traces  of  arsenic.  As  a  general  rule,  it  may  be  stated 
that  samples  of  asphalt  are  valuable  in  proportion  as  they  are  free 
from  these  foreign  matters.  It  is  seldom  necessary  to  make  a  quali- 
tative  analysis  of  asphalt,  but  it  is  often  required  to  determine  the 
proportion  of  bitumen.  Following  is  a  simple  method.  A  quantity 
(about  200  grm.)  of  the  substance  is  reduced  to  a  fine  powder,  and 
dried  by  exposing  it  in  a  current  of  air  heated  to  a  temperature  higher 
than  230^  F.,  but  not  above  300°,  since  above  this  temperature  the 
bimmen  may  be  altered  by  the  vaporisation  of  certain  essential  oils. 
After  well  mixing  this  powder,  100  grm.  is  taken  and  placed  in  a 
beaker ;  100  grm.  pure  carbon  bisulphide  is  then  poured  upon  it,  and 
the  mixture  is  well  stirred  with  a  glass  rod.  After  resting  a  moment, 
it  is  poured  into  a  weighed  filter,  having  another  beaker  placed 
heneath.  More  carbon  bisulphide  is  poured  upon  the  limestone 
remaining  in  the  first  beaker,  well  stirred,  allowed  to  stand,  and  the 
dear  portion  is  again  added  to  the  filter ;  this  is  continued  until  the 
powdered  limestone  is  perfectly  white,  and  the  last  portions  of  carbon 
bisolphide  added  exhibit  no  tinge  of  brown.  The  limestone  is  then 
dri^  whilst  the  liquid  in  the  filter  is  running  through.  When 
perfectly  dry,  the  limestone  and  the  filter  are  weighed  together,  and 
after  deducting  the  weight  of  the  filter,  the  weight  of  the  washed 
Hmestone  is  obtained,  and,  by  difference,  the  weight  of  the  bitumen 
removed  by  the  carbon  bisulphide. 

The  production  of  asphalt  in  Germany  reaches  40,000-50,000  tons 
jeariy,  with  a  value  of  about  7«.  6d.  a  ton ;  that  of  Italy,  30,000- 
40,000  tonS;  worth  about  20«.  a  ton ;  that  of  Spain,  200-600  tons  at 
7^  ^  French  statistics  are  comprehensive  of  all  bituminous  sub- 
stances, which  average  about  200,000  tons  per  annum,  estimated  at 
About  5«.  a  ton. 

The  asphalt  of  Trinidad  is  found  in  a  so-called  "  lake  "  (really  a 
plain),  situated  about  100  ft.  above  the  sea  and  about  2  miles  from 
the  sea-shore,  at  the  village  of  La  Brea  ("  Pitch "),  40  miles  from 
Port  of  Spain.  The  area  of  the  deposit  is  over  100  acres,  and  the 
depfth  ascertained  by  rough  borings  varies  from  18  ft.  at  the  margin 
to  78  ft  in  the  middle.     On  this  basis,  the  deposit  must  contain  some 
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millions  of  tons,  and  certainly  the  removal  of  neai'ly  a  quarter  of  a 
million  tons  has  not  appreciably  lessened  it.  The  deposit  appears 
as  a  level  tract  of  brownish  material  having  an  earthy  appearance. 
Cracks  or  fissures,  having  a  width  and  depth  of  a  few  feet,  appear 
here  and  there  over  the  surface ;  some  are  filled  with  rain-water,  omers 
with  soil  blown  there  by  the  wind  and  giving  support  to  a  scrabby 
vegetation. 

Travellers  have  reported  that  the  deposit  is  liquid  in  the  middle, 
but  such  is  not  the  fact.  Carts  and  mules  can  be  driven  everywhere 
on  its  surface.  The  material  is  dug  with  a  pick  and  shovel,  loaded 
into  carts,  and  hauled  to  the  beach.  Here  it  is  placed  in  baskets, 
which  are  carried  by  coolies  wading  through  the  surf  to  lighters,  and 
from  these  lighters  it  is  loaded  on  vessels.  During  the  voyage  the 
material  unites  into  a  solid  mass,  and  has  to  be  removed  again  by  the 
use  of  the  pick  and  shovel.  On  being  unloaded,  it  is  placed  for  about 
5  days  in  large  tanks  heated  by  a  slow  fire.  The  moisture  is  expelled, 
the  roots  of  treeis  and  other  vegetable  matters  are  skimmed  off  the  sur- 
face, the  earthy  matter  with  which  it  is  combined  settles  by  gravity, 
and  the  refined  product  is  run  off  into  barrels.  This  refining  is  in 
reality  a  mere  heating  to  a  liquid  condition,  in  order  to  allow  the 
sediment  to  deposit ;  and  great  care  is  taken  not  to  heat  the  material 
to  a  point  which  will  in  any  way  change  its  chemical  condition,  or 
produce  distillation. 

The  crude  asphalt  has  the  following  properties:  sp.  gr.  1*28; 
hardness  at  70^  F.,  2  *  5  to  3  in  Dana's  scale ;  colour,  chocolate  brown ; 
analysis: — 

Bitumen     89*83 

Earthy  matter 33*99 

Vegetable  matter      9*31 

Water 16*87 

100*00 

The  earthy  matter  consists  mostly  of  clay,  and  the  rest  is  very 
fine  sand.  The  refined  asphalt  has  the  follcwing  properties : — sp.  gr. 
1  •  49 ;  hardness  at  70°  F.,  2*5;  colour,  black ;  breaks  with  a  oon- 
choidal  fracture ;  bums  with  a  yellowish-white  flame,  and  in  burning 
emits  an  empyreumatic  odour ;  analysis  : — 

Bitumen  (by  CS,) 59*86 

Earthy  matter 35*82 

Vegetable  matter      4*32 

10000 

An  analysis  of  the  pure  bitumen  dissolved  out  by  CSj  gave 

Carbon       85*89 

Hydrogen 1106 

Sulphur     \ 2*49 

Unknown,  poBsibly  oxygen 0*56 

10000 

After  treatment  with  petroleum  residue,  in  order  to  make  asphalt 
paving  cement,  the  bitumen  soluble  in  CSj  varies  from  68 -6  to  70 
per  cent. 
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The  approximate  cost  of  the  crude  product  per  ton  delivered  f.o.b. 
is  ld«.,  made  up  as  follows : — rock,  5«. ;  cartage,  4«. ;  boating,  3«.  3(2. ; 
export  dnty,  9a.  The  annual  shipments  are  about  90,000  tons  crude 
and  10,000  tons  hpwree  (purified),  about  10  per  cent,  of  the  former  and 
90  per  cent,  of  the  latter  coming  to  Europe.  The  selling  prices  in 
1892  were  28«  6rf.  a  ton  for  crude,  and  68«.  6(£.  for  pure,  f  o.b. 

The  bituminous  sandstone  of  California  is  found  in  large  quanti- 
ties at  various  points  between  San  Francisco  and  Los  Angeles.  It 
contains  about  12  to  18  per  cent  of  bitumen,  and  the  rest  is  quartz 
sand,  in  grains  about  ^  in.  diam.  The  material  is  sufficiently  soft 
to  yield  to  the  heat  and  pressure  of  the  hand.  Within  the  last  few 
years  it  has  come  into  use  for  paving  purposes  and  coating  iron  pipes 
on  the  Pacific  coast.  The  rock  is  quarried,  broken  to  fragments  of 
about  2  in^  heated  in  kettles  by  steam  (which  causes  it  to  fall  into 
poirder),  and  then,  while  still  hot,  taken  to  the  street  and  compressed 
by  rolling  or  tamping.  Reports  as  to  its  quality  as  a  paving  material 
are  conflicting. 

In  1888  a  large  deposit  of  bituminous  rock  containing  an  un- 
Qsnally  large  percentage  of  asphalt  was  discovered  in  Ventura  county, 
California.  This  mineral  contains  24  per  cent,  of  bitumen,  the 
other  constituents  being  silica  (about  64  per  cent.),  iron  oxide,  and 
calcium  carbonate.  Its  high  percentage  of  bitumen  increases  its 
value,  and  the  price  ranges  from  32«.  to  22.  per  ton,  while  the  bitu- 
minous rock  of  San  Luis  Obispo  and  Santa  Cruz  is  valued  at  about 
10«.  per  ton  at  the  mines.  Deposits  of  a  nature  similar  to  the  Ventura 
product  are  also  being  operated  in  Santa  Barbara  county. 

The  Ventura  mine  is  situated  6  miles  from  San  Buenaventura. 
The  lode  presents  an  excellent  illustration  of  the  general  character 
of  the  asphalt  deposits  of  the  locality,  which  are  true  fissure  veins  in 
a  mass  of  grey  silicious  clay.  It  was  indicated  on  the  surface  by  a 
mere  seam  7  to  15  in.  thick;  but  when  stripped  it  was  found  to 
iocreaae  rapidly,  both  horizontally  and  downward,  so  that  at  the 
depth  of  66  ft.  from  its  surface  cropping  and  60  ft.  horizontally  from 
the  same,  its  thickness  is  5  ft.,  and  the  material  has  improved  in 
quality.  The  strike  of  the  vein  is  30^  N. ;  its  pitch,  66°  to  70°, 
a30°  W. 

While  going  in  upon  this  vein  for  100  ft.  in  an  open  cut,  it  was 
found  to  expand  into  several  '*  pockets "  of  7  to  16  ft.  diam.,  from 
which  great  masses  of  material  were  extracted  ;  the  whole  output  from 
this  cut  alone  was  1400  tons.  At  one  point  a  wall  of  the  "  ore " 
appeared  sideways  overhead.  This  proved  to  be  a  "spur"  vein 
Joining  the  other  at  an  oblique  angle,  with  a  thickness  of  3  to  4  ft., 
increasing  to  6  ft  of  clear  asphalt,  about  90  ft.  from  the  entrance  of 
the  cut. 

The  spur  vein  was  found  to  expand  into  a  huge  pocket,  which, 
when  mined  out,  formed  an  irregular  chamber  about  30  ft.  square  by 
12  to  15  ^at  one  point  30)  ft.  high,  frx>m  which  450  tons  of  material 
were  obtained. 

The  variability  of  thickness  and  ihe  tendency  to  the  formation  of 
•'pockets,"  introduces  an  element  of  uncertainty  which,  fortunately, 
aeems  generally  to  run  in  the  direction  of  an  increase  of  mass.     This 
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sporadic  expansion  into  large  masses  appears  to  be  a  oharacteristic  of 
these  asphalt  veins;  and  the  regular  vein  body  itself,  as  a  role, 
increases  downward. 

The  material  is  a  brownish  black,  nniform  mass,  of  conchoidal 
fracture ;  yielding  somewhat  nnder  light  blows  of  the  hammer,  but 
splintering  tinder  heavy  ones,  so  that  it  can  readily  be  blasted.  The 
sp.  gr.  is  about  2.  On  heating  to  about  450^  F.  it  softens  into  a 
mushy  condition,  but  does  not  attain  fusion  without  the  aid  of  some 
^'fluxing"  or  thinning  substance.  An  attempt  to  replace  the  some-! 
what  tiresome  process  of  drilling  blast-holes  by  the  use  of  hot  iron 
bars  failed  to  give  satisfactory  results. 

Assays  show  that  the  total  bitumen  fixed  at  212^  F.,  while  ranging 
within  the  several  veins  from  a  minimum  of  15*28  per  cent,  to  as 
much  as  22*75  per  cent.,  will  in  each  case,  on  the  average,  be  dose 
upon  20  per  cent. — generally  above.  The  fixed  residue  or  ash  is  in 
all  cases  a  silicious  clay,  usually  containing  but  little  sand  and  about 
3  per  cent,  of  lime  carbunate ;  occasionally  occur  streaks,  or  "  horses,'* 
in  which  is  a  notable  admixture  of  either  coarse  sand  or  nests  of 
peculiar  gravel  hardened  by  lime  carbonate,  gypsum,  and  iron  pyrites. 
At  some  points  the  floor  clay,  or  footwall,  is  so  strongly  imbued  with 
bitumen  that,  while  inferior  in  quality  to  the  vein  mass,  it  can  never- 
the^ss  be  profitably  used  for  certain  purposes. 

There  are  several  deposits  of  bituminous  rock  in  San  Luis  Obispo 
and  Santa  Cruz  counties,  in  which  the  peculiar  features  of  asphalt 
formations  are  strikingly  illustrated,  clearly  showing  that  they  belong 
to  no  particular  era  or  age ;  they  are  found  at  various  altitudes,  and 
with  no  uniform  character  in  appearance,  hardness,  or  chemical  com- 
position. Deposits  of  solid  asphalt  and  springs  of  viscid,  oily  material, 
commonly  called  "  brea,"  occur  in  places  not  1000  ft.  apart,  and  yet  in 
strata  of  unquestionably  different  periods  of  formation.  The  bitu- 
minous rock  of  San  Luis  Obispo  and  Santa  Cruz  is  a  sandstone 
thoroughly  impregnated  with  bitumen.  It  is  used  almost  entirely 
for  street  paving,  and  for  that  purpose  is  probably  more  easily  and 
cheaply  prepared  than  any  of  the  asphalt  products.  The  only  treat- 
ment necessary  is  to  steam  it,  so  as  to  thoroughly  mix  its  ingredients 
and  soften  it  for  spreading  to  a  uniform  thickness  and  a  smooth  even 
surface.    Analyses  gave : — 

Sand 65-917 

Bitumen 16*255 

Iron  and  alumiDa •      8*405 

Calciutu  carbonate 8*212 

Magnesium  carbonate 1*003 

Undetermined        0*208 

100*000 

An  important  deposit  is  worked  in  Uintah  Valley,  about  100  miles 
from  Price,  Utah.  The  vein  is  described  as  a  regular  fissure,  cutting 
across  the  country  for  12,000  ft.,  or  more,  in  length,  and  3  to  4  ft.  thick. 
It  has  been  opened  by  14  shafts  or  pits,  aggregating  700  ft.  in  depth. 
The  surface-portions  of  the  mineral  are  fissured  and  cracked  by  weather- 
ing, are  more  or  less  contaminated  with  sand  and  earthy  matters^  aad 
are  regarded  as  of  second  quality,  while  the  portions  below  are  oom- 
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pftct  and  pnre.  The  mineral  is  obtained  in  masses  several  inches  in 
dUnL,  and  apparently  free  from  mechanically  disseminated  impurities. 
It  breaks  with  a  oonchoidal  fracture,  is  very  brittle,  and  is  readily 
redaced  to  powder  in  a  mortar.  Hardiiess,  2  to  2*5.  Sp.  gr.  1*065  to 
1-070.  C!oloar,  black,  brilliant,  and  lustrous ;  streak  and  powder,  a 
rich  brown.  It  is  a  non-conductor  of  electricity,  and  is  electrically 
excited  by  friction.    Analysis  gives : — 

Cbrbon       7843 

Jlydrogen 10-20 

Nitrogen 2*27 

Oxygen      8*70 

Aah 0-40 

100-00 

Soluble  as  follows :  carbon  bisulphide  and  chloroform  dissolve  it 
completely ;  benzol  dissolves  95  per  cent. ;  ether,  86*5  per  cent. ;  abso- 
lute alcohol,  9*5  per  oent. 

The  output  in  1892  was  about  1500  tons,  which  found  a  ready 
market  at  lOJ.  a  ton  in  St.  Louis.  Mixed  with  turpentine  in  the 
proportion  of  1  lb.  to  5  pints  turpentine,  and  heated,  it  makes  an 
excellent  japanning  varnish. 

The  total  production  of  American  asphalt  is  now  about  40,000  tons 
a  year,  worth  21<.  a  ton. 

A  variety  of  bituminous  substances,  from  pure  hard  asphalt  to 
fluid  petroleum,  exist  in  immense  quantities  along  the  coast  of  the 
Golf  of  Mexico,  chiefly  in  the  States  of  Tamaulipas,  Vera  Cruz,  and 
Tabasoo,  but  there  has  been  no  organised  effort  to  utilise  the  deposits. 
Almost  inexhaustible  beds  of  asphalt  exist  on  both  banks  of  the  river 
Thsmeei,  about  60  miles  above  Tampico,  in  a  comparatively  pure  state, 
and  containing  only  an  insignificant  proportion  of  foreign  matter. 
Asphalt,  or  ckapopote^  as  it  is  called  in  Mexico,  is  frequently  found 
floating  in  masses  on  the  rivers  and  lagoons,  and  is  cast  up  on  the 
beach  by  the  waves  aU  along  the  Qulf  Coast,  and  especially  in  the 
ridnity  of  Tuxpan,  and  on  the  Orijalva  river  in  Tabasco,  and  sold  at 
the  rate  of  St.  to  9s.  per  cwt. 

In  many  other  places  asphalt  occurs,  and  is  used  locally  as  fuel. 
This  is  notably  the  case  in  Cuba. 

When  the  bituminous  matter  is  to  be  sold  as  pitch,  it  requires  to 
(mdem>  some  purification.  Usually,  i^is  takes  tne  form  of  melting 
in  boiHng  water,  by  which  the  pitch  is  made  to  float  and  may  be 
ikimmed  off  and  poured  into  moulds,  while  the  sandy  matters  have 
a  tendency  to  collect  at  the  bottom  of  the  vessel.  If  the  earthy 
matters  are  very  fine-grained,  their  superior  specific  gravity  is  not 
oonmcuonsly  exercised,  and  repeated  meltings  may  be  needed  to  effect 
anyuung  like  complete  removal  of  impurities.  Sometimes  boiling 
ahale  oil  is  employed  as  a  substitute  for  the  hot  water,  especially  if 
the  crude  pitch  contains  much  water,  as  by  this  means  separation  of 
both  earthy  matters  and  moisture  is  accomplished  in  one  operation. 

The  chief  consumption  of  asphalt  is  for  paving  purposes,  either 
alone  or  in  oonjunction  with  gritty  materials.  It  is  claimed  that  the 
bituminoos  sandstones  afford  a  better  foothold  for  horses  than  the 
hitominous  limestones,  as  they  never  wear  so  smooth.  Much  so-called 
"*  a^halt "  b  simply  coal-tar  concrete. 
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BORAX. 

Though  the  term  "  borax  "  is  properly  applied  only  to  minerals  con- 
sistine  essentially  of  soda  biborate,  it  forms  a  convenient  heading  for 
the  whole  class  of  boracic  products,  more  especially  as  their  uses  are 
practically  identicaL 

While  there  are  many  minerals  which  contain  more  or  less  boracic 
acid  in  various  combinations,  commercial  supplies  are  obtained  only 
from  about  half-a-dozen,  chiefly  as  follows  : — 

Borax  or  tinkal,  soda  biborate,  Na20,2B203  +  lOHjO,  containing 
36*65  per  cent,  of  boracic  acid. 

Ulexite  or  boronatrocalcite,  calcium-sodium  borate,  NaCaB^O,  + 
5HaO,  containing  49  •  7  per  cent,  boracic  acid. 

Priceite,  calcium  borate,  4BO3,  30aO,6HO,  containing  about  49  per 
cent,  boracic  acid. 

Pandermite,  calcium  borate,  2CaO,3Bj,03,3H20,  containing  55-85 
per  cent,  boracic  acid. 

Stassfurtite,  magnesium  borate,  2^^^^^^+  MgCl,,  containing 
60*75  per  cent,  boracic  acid. 

Sassolite,  boracic  acid,  H3BO3,  containing  56*45  per  cent,  boracic 
acid  ('anhydrous). 

Tne  tinkal  trade  of  Central  Asia  is  very  remarkable.  The  borax 
does  not  effloresce  on  the  upper  surface  of  the  soil ;  the  upper  efflor- 
escence consists  principally  of  soda  sesqui-carbonate  and  sulphate,  with 
more  or  less  chloride.  Under  this  is  the  borax,  which  appears  as  a 
greasy  greenish-yellow  substance,  never  exceeding  2  or  3  in.  deep,  and 
is  underlaid  by  a  deposit  of  inferior  material. 

The  borax  and  salt  fields  of  Gnari  or  Hundes,  in  Thibet,  lie  to  the 
north  of  Bongbwa  Tal,  in  the  eastern  part  of  the  Zjang  of  Bohtoh 
^Rudukh),  and  at  the  Chapakani  lake.  The  two  salts  are  obtained 
trom  different  spots  in  the  same  vicinity,  and  are  both  worked  in  the 
same  way  by  lixiviation  from  the  earth  taken  from  the  surface  of  the 
ground  in  which  the  salts  are  developed  by  natural  efflorescenoe. 
These  salt-fields  are  open  to  all  who  choose  to  adventure  their  labour 
in  them  on  payment  of  one- tenth  of  the  produce  tu  the  Lhassa  (Govern- 
ment, who  have  an  excise  establishment  on  the  spot.  The  borax  is 
collected  from  June  to  September  and  sold  at  the  different  fairs,  at 
Ganpa,  Oartoh,  Sibilam,  Ghajna,  Taklakhar,  Dabakhar.  It  is  brought 
down  by  the  Bhotiya  traders  and  purchased  by  the  merchants  of 
Bamnagar,  where  it  is  refined.  The  transport  is  an  exceedingly 
arduous  and  hazardous  undertaking,  mostly  performed  by  pack-she^ 
The  refining  process  is  as  follows ; — The  tinkal  is  pounded,  placed 
in  shallow  tubs,  and  covered  with  water  to  a  depth  of  a  few  inohes; 
to  this  is  added  a  mixture  of  about  2  lb.  lime  in  2  pints  water,  for 
every  10  maunds  (820  lb.)  of  tinkal,  and  the  whole  mass  is  well  stirred 
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eyeiy  6  hours.  Next  day,  it  is  drained  on  sieves  or  doth,  and  after 
thia  is  again  dissolved  in  2^  times  its  weight  of  boiling  water,  and 
tbont  16  lb.  lime  is  added  for  the  above  quantity.  It  is  then  filtered, 
boiled  down,  and  subsequently  crystallised  in  funnel-shaped  vessels, 
nsDally  of  ftafwa,  an  alloy  of  copper  and  zinc  or  lead.  The  loss  in 
weight  is  about  20  per  cent.  The  yearly  contribution  to  European 
supplies  is  about  500-1000  tons. 

A  great  deal  of  adulteration  takes  place  among  the  native  dealers, 
to  the  detriment  of  the  reputation  which  this  article  has  always  had 
among  potters. 

The  American  sources  of  borax  have  latterly  come  into  prominence. 
The  depressed  alkaline  plain,  known  as  the  Oreat  Basin,*  contains, 
along  the  Nevada-California  border,  and  in  California,  at  least  ten 
bondferous  '*  salines  "  or  marshes.  These  marshes  are  the  old  beds  of 
relatively  restricted  lakes,  which  received  boracic  water,  probably 
from  hot  springs.  Volcanic  phenomena  are  abundant  io  the  region, 
and  were  doubtless  the  principal  stimulating  cause.  Borate  of  lime 
and  soda  (nlexite),  borate  of  lime  (priceite),  and  borate  of  soda  (borax) 
are  all  found,  and  always  mingled  with  dust,  and  more  or  less  gypsum, 
Bodiom  carbonate,  sodium  chloride,  sodium  sulphate,  and  various  other 
ailaline  salts.  Artesian  wells  have  shown  standing  water  at  no  great 
depth  in  some  of  the  marshes,  and  in  at  least  one  instance  it  is  charged 
^^  borax.  The  crust  of  borax  is  often  renewed  on  the  surface  after 
it  has  been  removed,  and  after  an  interval  of  3  or  4  years  may  be 
gathered  again.  This  is  due  to  capillary  attraction  through  the  pores 
of  the  underlying  soiL 

The  best  known  of  the  salines  in  Nevada  are  Teel's  Marsh, 
Cohunbus  Marsh,  Fish  Lake  Valley,  and  Khodes  Marsh,  all  in 
Esmeralda  Coun^.  Although  the  marshes  cover  thousands  of  acres, 
the  portions  productive  of  borax  are  comparatively  limited. 

There  is  a  minor  deposit  at  Salt  Wells,  in  Churchill  County, 
Nev^  and  in  California  there  are  three  marshes  in  Inyo  County — ^the 
Saline  Valley  (said  to  be  the  largest  of  all),  the  Amargosa,  and  the 
Furnace  Creek ;  one  in  San  Bernardino  County,  the  Slate  Range  or 
Searie's  Marsh ;  and  one,  of  less  present  importance,  at  Little  Borax 
Lake,  Lake  County.  The  last  named  is  north  of  San  Francisco. 
Borax  is  also  shown  by  analysis  to  be  present  in  the  water  of  Owen's 
Lake,  and  boraoic  acid  is  found  in  the  water  of  Mono  Lake  to  the 
extent  of  *16  grm.  per  litre.  The  total  American  output  is  about 
5000  tons  yearly. 

Great  quantities  of  borax  crvstals  have  been  dredged  from  some 
of  these  lakes,  in  addition  to  the  product  obtained  by  boiling  the 
water  to  crystallisation.  A  "fissure  vein"  7-10  ft.  thick,  carrying 
calctum  borate,  is  being  mined  near  Calioo,  San  Bernardino  County, 
Oslifomia.f 

Befining  the  crude  borax  consists  in  collecting  the  material  from 
the  plain,  by  simply  shovelling  layers  of  the  surf^oe  to  a  depth  of 
18  in.,  and  loading  it  into  waggons  provided  with  wide  tyres  to  the 
wheels.    Below  the  surface  of  the  marsh  at  a  depth  of  4  ft,  liquor  is 


*  C.  Napier  Hake  in  Jl.  Soc.  Chem.  Ind^  viii.  854. 
t  Report  State  Mineralogist,  1893,  p.  845. 
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found  highly  impregnated  with  borax.  The  material  is  hanled  to  the 
refining  works,  which  are  conveniently  situated  upon  firm  ground  at 
the  edge  of  the  marsh,  and  where  the  next  step  consists  in  dissolying 
in  water  all  the  soluble  matter  in  the  crude  material.  For  this 
purpose  wrought-iron  pans  are  used,  about  35  ft  long  by  7  ft.  wide, 
semicircular  in  shape,  set  on  arches  of  stone,  beneath  which  are 
furnaces  and  flues  for  heating  the  contents  of  the  pans.  The  orade 
borax  is  thrown  into  the  pans,  and  with  the  aid  of  long  poles  is 
vigorously  stirred  until  all  that  is  soluble  is  dissolved ;  the  liquor  is 
then  allowed  to  settle  for  some  hours,  and  when  perfectly  clear 
is  drawn  off  into  round  tanks  made  of  light  galvanised  iron,  where 
the  borax  crystallises  on  cooling.  When  the  crystallisation  is 
complete,  the  "mother  liquor"  is  drawn  off,  leaving  only  the 
crystalline  borax,  which  is  removed  and  packed  into  sacks  for 
commerce.  The  total  cost  of  production  is  said  not  to  exceed  5l 
a  ton. 

There  is  no  difficulty  in  refining  crude  borax,  but  with  ulexite  it 
is  a  different  matter.  This  can  be  changed  to.  sodium  borate  bj 
boiling  with  sodium  carbonate,  but  losses  ensue  from  the  reacticm 
being  incomplete,  so  that  various  other  processes  have  been  devised 
Steam,  when  superheated  and  passed  over  ulexite,  volatilises  the 
boracic  acid  and  yields  sassolite.  In  the  Formhals  prooess  the  fome^ 
of  bumine  sulphur  are  introduced  into  a  hot  emulsion  of  ulexite  ii* 
water :  sodium  sulphite  and  sassolite  are  yielded.  In  the  Bobertsoij 
process  there  are  conducted  into  a  similar  emulsion  the  fumes  whicU 
are  employed  in  the  usual  manufacture  of  sulphuric  acid.  In  the 
Gutzkow  process  the  ulexite  is  first  treated  with  sulphuric  acid,  and 
then  the  gypseous  residue  is  distilled  with  superheated  steam.  Bal 
by  whatever  process  the  solution  of  borax  is  procured,  some 
precautions  in  obtaining  its  crystals  are  necessary.  Thus,  borai 
(Na2O,2B2O3+10H2O)  crystallises  best  when  an  exoess  of  sodina 
carbonate  is  added  to  the  solution,  equal  in  amount  to  5  per  cent  oj 
the  resulting  borax.  Bat  if  the  excess  be  too  great,  the  neutnl 
borax  (NaBOs+^H^O)  results.  Further,  if  the  hot  solution  exceed^ 
24°-28°  B.,  octahedral  borax  (NapB^OT  t  SHjO)  is  formed.  For  largi 
crystals,  slow  cooling  in  capacious  vats  is  necessary.  For  smd 
crystals,  small  vats,  which  are  kept  in  agitation,  are  best.  Ira 
tanks  are  undoubtedly  preferable. 

As  to  the  relative  merits  of  the  various  processes  referred  to  ii 
the  last  paragraph,  it  may  be  observed  that  by  the  use  of  hydru 
chloric  or  sulphuric  acid,  a  pure  boracic  acid  is  easily  obtained,  whicl 
with  soda  gives  fine  clear  lyes.  The  voluminous  slimes  of  caldnii 
carbonate  are  done  away  with,  because  when  hydrochloric  acid  i 
used  calcium  chloride  is  formed,  while  when  sulphuric  add  \ 
employed  calcium  sulphate  is  produced,  forming  a  heavy  precipitatl 
which  settles  to  the  bottom.  Farthermore  a  considerable  saving  o 
soda  is  effected,  because  a  large  part  of  the  soda  used  in  direct  boiliiu 
is  required  for  the  conversion  of  the  calcium  sulphate  into  cald^ 
carbonate.  But  there  are  just  as  weighty  grounds  against  thi 
method  of  manufacture.    In  the  first  place  we  must  consider  tb 
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wear  of  the  factory  when  acids  are  used.  A  second  reason  is  the 
volatility  of  the  boracic  acid  with  steam,  which  causes  considerable 
]o»,  and  finally  soda  is  so  cheap  and  pure  that  an  increased  con- 
Bumption  is  of  no  great  importance.  The  great  point  in  adopting  the 
simple  boiling  with  soda  carbonate  is  to  leach  in  boiling  water  the 
Blime-cakes  from  the  filter  presses.* 

Boronatrocalcite  is  fonnd  in  inexhaustible  deposits  on  the  high 
plateaus  of  the  Cordilleras  in  northern  Chili  It  is  mined  at 
Maricunga,  Pedemal,  and  Acostan,  and  these  places  supply  almost  all 
the  calcium  borate  which  is  shipped  to  Hamburg  ma  Antofagasta. 
The  borates  which  are  brought  from  Bosario  (Argentine  Eepublic) 
are  also  mined  near  Acostan,  from  a  deposit  at  Tecuman  on  the 
Argentine  side  of  the  Cordilleras.  This  boronatrocalcite  contains  18 
to  24  per  cent,  anhydrous  boracic  acid,  the  higher  grade  being  worth 
about  18i,  a  ton.  Chilian  exports  of  borax  range  from  30  to  3000  tons 
a  year,  and  of  calcium  borate  from  3000  to  6000  tons  annually. 

Pandermite  occurs  in  a  bed  occupying  over  13,000  acres,  near 
Panderma,  Asia  Minor,  and  is  being  extensively  worked.  The  field 
is  situated  in  a  basin  of  Tertiary  age,  surrounded  by  volcanic  rooks, 
which  vary  from  granite  on  the  east  to  trachyte  on  the  north,  and 
oolnmnar  basalt  on  the  west.  Several  basaltic  hills  and  dykes  protrude 
in  different  portions  of  the  basin,  and  the  presence  of  hot  and  mineral 
springs  further  testifies  to  the  volcanic  influences  which  have  been  at 
work,  and  in  which,  doubtless,  originated  the  boracic  mineral.  The 
latter  occurs  in  a  stratum  at  the  bottom  of  an  enormous  bed  of 
gyptnm,  its  greater  specific  gravity  probably  impelling  it  downwards 
while  the  whole  mass  was  yet  in  a  soft  state.  Several  feet  of  clay 
cover  tb©  gypsum  bed,  which  is  here  60-70  ft.  thick,  though  in 
places  it  attains  to  double  that  thickness. 

The  boraciferoDs  stratum  varies  in  depth,  it  has  been  proved  for 
a  vertical  distance  of  45  ft.  The  mineral  exists  in  closely  packed 
modules,  of  very  irregular  size  and  shape,  and  of  all  weights  up  to  a 
ton.  It  can  be  applied  directly  in  place  of  borax,  and  is  more 
wonomicaL    The  yearly  output  is  about  8000  tons. 

The  boracic  acid  lagoons  of  Tuscany  have  been  repeatedly 
described.  They  occur  in  a  volcanic  district  of  limited  extent.  The 
inost  abundant  supplies  are  obtained  from  artesian  wells,  which 
invariably  strike  the  boracic  vein  at  a  short  distaooe  from  the 
«nrfeoe.  The  boring,  however,  is  carried  down  until  the  well  yields 
water,  when  the  machinery  is  withdrawn,  and  water  is  let  into  the 
rfiallow  pond  previously  dug  around  the  bore  hole.  This  water  very 
<KH)Q  becomes  heated  up  to  boiling  point,  and  impregnated  with  the 
horacic  acid,  which  rushes  up  from  the  opening  of  the  artesian  well, 
*ft«r  which  the  water  is  drawn  off"  and  evaporated  by  passing  it  over 
t  series  of  15-20  shallow  metal  pans,  aiTanged  like  a  cascade.  The 
horacio  add  as  it  reaches  the  bottom  pan  is  half  solidified,  and  when 
«oW,  has  the  appearance  of  being  frozen  over  with  a  skin  of  rotten 
ice.  This  skin  is  removed  and  strewn  on  the  floor  of  a  drying-house 
Ideated  by  hot  pipes,  and  by  this  means  the  boracic  acid  becomes 

•  See  also  Spons*  *  Enoyclopiedia.'  p.  526. 
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orystallised.  The  lagoons  have  a  most  peculiar  aspect  during  tbe 
issuing  of  the  boracic  vapours.  Wlien  full  of  water,  the  boiling  is 
continuous,  rising  to  some  feet  in  height,  but  the  vapour  is  quite 
clammy  and  unpleasant  from  its  sulphurous  odour.  The  production 
is  about  3000  tons  of  crude  boracic  acid  per  annum,  containing 
84-89  per  cent,  of  crystallised,  or  46^-60]^  per  cent,  of  anhydrous 
boracic  acid,  worth  252.  a  ton,  in  addition  to  1000-2000  tons  of  borax. 
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BROMINE. 

This  substance  is  not  met  with  in  the  free  state  in  nature,  bnt  always 
in  combination  as  bromides,  notably  as  magnesium  bromide.  Bro- 
mides are  present  in  small  quantity  in  all  sea  water,  but  the  chief 
sources  of  the  European  supplies  are  the  kainite  beds  of  Stassfnrt. 
The  raw  salts  are  dissolved  in  water,  and  when  the  potash  and  soda 
chlorides  have  crystallised  out,  magnesium  bromide  remains  in  the 
mother  liquor.  Through  this  liquor  a  current  of  chlorine  gas  is 
passed,  and  the  bromine  is  distilled  off. 

The  brines  produced  in  the  salt  regions  of  West  Virginia  and 
Pennsylvania,  in  Midland  County,  Michigan,  and  in  the  Tuscarawas 
Valley  and  Pomeroy,  Ohio,  contain  so  large  a  proportion  of  bromides 
that  it  is  profitable  to  save  them  and  prepare  bromine  as  a  by-product. 
All  the  bromine  produced  in  the  United  States  comes  from  these 
sources.  The  bromides  in  the  brine  are  concentrated  in  the  bittern 
druing  the  process  of  salt  manufacture.  The  bittern,  at  a  specific 
gravity  ranging  from  36®  to  42°  B.,  is  treated  with  sulphuric  acid  and 
black  oxide  of  manganese  (pyrolusite),  the  amount  of  reagents  used 
beiog  dependent  upon  the  percentage  of  bromides  in  the  bittern.  The 
nilphnric  acid  combines  with  the  base  of  the  bromide  and  forms 
hydrobromic  acid ;  the  latter  is  oxidised  by  the  pyrolusite  with  the 
eTolntion  of  bromine  gas,  which  is  collected  and  condensed  in  suitable 
vessels.  In  Michigan,  potassium  chlorate  is  the  favourite  oxidising 
agent,  because  of  the  large  proportion  of  calcium  chloride  in  the 
liquor.  A  detailed  and  illustrated  account  of  the  manufacture  will 
be  found  in  Spons'  '  EncyclopsBdia.' 

At  the  places  named  the  bittern  is  very  rich  in  bromides,  the 
estimate  being  that  for  every  2  barrels  of  salt  1  lb.  of  bromine  should 
be  made.  This,  however  is  not  strictly  correct,  as  it  differs  in  different 
localities  and  at  wells  in  close  proximity.  The  material  at  every  salt 
well  where  bromine  can  be  made  is  now  worked,  and  the  production 
is  as  large,  probably,  as  it  will  reach,  unless  salt  should  be  found  in 
other  places  containing  it. 

The  annual  production  amounts  to  about  400,000  lb.  in  America, 
400,000  lb.  at  Stassfurt,  and  300,000  lb.  in  Scotland  and  Ireland  from 
seaweed.     The  trade  is  in  few  hands,  and  the  price  is  about  9(2.  a  lb. 
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CEMENT. 

Cements  are  a  group  of  mineral  substances  oonsistiug  essentially  of 
argillaceous  magnesian  limestone  or  of  mixtures  of  clay  and  lime, 
which,  after  calcination,  possess  the  property  of  hardening  in  contact 
with  water,  this  property  being  due  to  the  crystallising  energy 
developed  by  combination  of  water  with  the  silicates  of  lime  and 
alumina  formed  by  the  calcination. 

It  is  usual  to  divide  cements  into  two  classes,  Koman  and  Port- 
land, the  former  being  derived  from  natural  rocks  and  the  latter  from 
artificial  mixtures,  but  inasmuch  as  some  Portland  cements  are  now 
made  from  natural  rocks,  a  better  classification  is  ** natural"  and 
«*  artificial." 

Natural  hydraulic  cements  are  made  from  (a)  nodules  of  calcareous 
clay  called  "septaria,"  found  in  clay  beds  of  Lower  Eocene  age 
(Tertiary),  and  from  (6)  argillo-magnesian  limestones  occurring  abun- 
dantly for  the  most  part  in  Tipper  Silurian  rocks.  The  analyses 
given  on  the  next  page  illustrate  the  divergence  in  their  compositioD. 
All  but  the  two  last  (from  Lehigh  Valley)  contain  much  magnesia 
and  are  made  into  Eoman  cement.  The  Lehigh  rocks  afiford  Portland 
cement. 

The  process  of  manufacture  consists  in  quarrying  and  breaking 
the  rock,  calcining  in  kilns,  which  are  usually  continuous  in  operation, 
and  grinding.  The  burning  is  light,  and  usually  not  strong  enough 
to  expel  all  the  carbonic  acid  in  the  rock.  The  cement  until  ground 
is  simply  a  mass  of  partially  vitrified  clinker,  which  is  not  affected  by 
water.  It  is  only  after  it  is  ground  that  the  addition  of  water  in- 
duces crystallisation,  of  the  silicates  formed  by  calcination.  The 
dej^ree  of  fineness  is  wholly  a  matter  of  economy.  Coarse  particles 
will  have  no  "  setting  "  power,  and  may  for  practical  purposes  be  con- 
sidered as  so  much  sand.  The  usual  demand  of  finene«>s  is  that  90 
to  95  per  cent,  shall  pass  through  a  sieve  of  2500  meshes  to  the  square 
inch.  Colour  is  not  now  regarded  as  of  much  importance,  except  that 
a  yellowish  tinge  may  indicate  insufficient  burning.  Colour  is  chiefly 
due  to  iron  and  manganese  oxides. 

If  the  rock  contain  too  great  an  exoess  of  clay,  the  resulting 
cement  will  be  quick-setting,  soon  attaining  its  maximum  hardness. 
Such  cements  have  but  limited  tensile  streno^th  and  deteriorate  by 
age.  In  burning  such  stone,  a  heat  hardly  sufficient  to  drive  off  the 
carbonic  acid  can  be  used :  if  greater,  a  slag  is  the  product.  If  the 
limestone  contains  an  excess  of  lime  to  clay,  a  greater  neat  is  required, 
and  when  such  cement  is  used  it  swells,  and  if  water  is  allowed  to  act 
upon  it  in  situ,  the  free  lime  hydrate  washes  out,  thus  weakening  the 
mortar.  What  is  required  is  a  stone  in  which  the  lime  and  clay  are 
in  such  proportion  that  when  burned  they  will  chemically  react  on 
each  other,  forming  silicates  and  aluminates  of  lime.     Such  a  natiural 
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9  ft.  6  in.,  then  contracting  for  the  next  7  ft.  till  top  of  pit  is  reached 
to  3  ft.  The  discharge  is  3  ft.  high  by  2  ft.  6  in.  wide.  The  kiln  is 
lined  for  the  first  12  ft.  from  the  top  with  firebrick,  the  remaining 
distance  with  well-burned  common  brick.  Coke,  anthracite,  or  semi- 
bituminous  coal  can  be  used. 

The  kiln  is  fired  up  by  placing  about  3  ft.  of  cordwood  in  the 
lower  portion  of  the  kiln.  Overlying  the  wood,  a  thick  layer  of  rock 
is  placed  for  about  1  ft,  then  a  thin  layer  of  coarse  coal,  and  from 
there  up  alternate  layers  of  coal  and  rock.  This  coal  or  coke  should 
be  broken  up  quite  fine.  After  the  kiln  is  running  smoothly,  1  ton  of 
coal  will  bum  about  13  tons  of  rock,  or  55  to  57  barrels  of  300  lb. 
each.  The  size  of  the  stone  should  not  exceed  6  in.  any  way.  The 
kiln  is  drawn  at  the  bottom  twice  every  24  hours,  raw  stone  and  fuel 
being  added  at  top  after  each  drawing. 

Natural  cement  should  weigh  49  to  56  lb.  per  cub.  ft.,  and  set  in 
2  to  30  minutes.  It  should  give  a  tensile  strain  of  over  85  lb.  when 
immersed  in  water  7  days,  showing  a  gradual  increase  up  to  one  year 
or  even  longer. 

Artificial  cement  is  made  from  mixtures  of  clay  and  some  form  of 
lime  carbonate,  usually  chalk.  It  is  practically  a  double  silicate  of 
alumina  and  lime.  There  are  three  methods  used  in  Europe  to 
reduce  the  raw  material  to  the  required  degree  of  fineness,  known  as 
the  '*  wet,"  **  hemi- wet,'*  and  "  dry  "  processes. 

The  '*  wet "  method  is  principally  used  on  the  Thames  and  Med- 
way.  The  chalk  is  first  passed  through  rock-breakers  and  then 
ground  wet  in  Chili  mills,  from  which  it  is  passed  to  the  wash  mills, 
where  the  requisite  days  and  water  are  added.  The  wcwh  mills  are 
large  circular  tanks  with  arms  or  racks  revolving  in  them.  Through 
this  agitation  the  combined  materials  are  thoroughly  incorporate, 
and  rendered  about  the  thickness  of  cream.  From  the  wash  mill  the 
mass  is  allowed  to  flow  to  the  reservoirs.  After  the  ''slum"  or 
"  slurry  "  has  settled,  the  water  is  drawn  off,  and  the  residual  "  slurry" 
is  allowed  to  evaporate  till  it  becomes  a  thick  mud.  From  thetie 
reservoirs  it  is  carried  to  the  dry  floor,  where  all  i-emaining  crater  is 
expelled,  and  it  is  then  broken  in  pieces  the  size  of  a  brick.  The 
great  disadvantages  of  this  process  are  (a)  the  limestone  and  clay 
being  of  difierent  specific  gravities  separate  from  each  other,  (6)  large 
areas  of  land  are  required  for  reservoirs,  (c)  excessive  labour  in  hand- 
ling and  re-handling,  (d)  the  time  from  the  first  manipulation  of  the 
raw  material  till  it  is  ready  for  kilning  is  months.  Nevertheless  it 
continues  to  be  used  by  many  of  the  original  works. 

In  the  semi-wet  method  the  chalk  and  clay  mixture  is  passed 
through  the  wash  mill  with  as  little  water  as  possible,  and  after 
being  intermixed,  is  conveyed  to  millstones,  from  which  it  flows  to 
the  drying  plates,  where  it  is  dried  and  is  then  ready  for  the  kiln. 
Even  by  this  process  large  areas  of  dry  floors  are  required,  as  weD  as 
labour,  time,  and  fuel. 

In  the  dry  method,  the  dry  raw  materials  are  mixed  in  their 
correct  proportions,  passed  through  rock-breakers  which  feed  rolls, 
and  from  here  the  yet  coarse  powder  is  conveyed  to  millstones,  by 
which  it  is  reduced  to  such  a  fineness  that  80  per  cent,  will  pass 
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through  a  lOO-inesh  screen.    From  the  stones  it  is  elevated  to  bins, 
whence  it  is  carried  by  double  conveyors  to  pug  mills. 

During  this  passage  to  the  pug  mill  suJQScient  water  is  added  to 
make  the  particles  firmly  adhere  together.  From  the  pug  mill  it  is 
carried  to  the  dry  house,  and  is  ready  for  the  kiln  in  24  hours. 

In  place  of  *'  pugging,''  the  mixture  has  a  little  water  added,  and 
is  conTeyed  directly  to  a  dry  brick  press,  from  which  it  comes  ready 
for  the  kiln. 

The  advantages  of  the  "  dry  process  "  are  (a)  the  rapidity  with 
which  the  materials  can  be  combined  ready  to  bum,  (6)  the  saving  of 
labour  is  about  two-thirds,  (c)  there  is  a  certainty  that  the  different 
materials  have  at  no  time  become  separated,  hence  an  unvarying 
product,  and  (d)  less  ground  is  required  for  works. 

The  original  cost  of  a  dry  plant  is  greater  than  for  a  wet,  which, 
however,  Sa  amply  compensated  for  by  the  rapidity  of  production,  not 
having,  as  in  the  **  wet  process,"  to  wait  on  a  half  finished  product  for 
which  labour  has  been  paid. 

Of  other  processes  for  the  reduction  of  the  raw  material,  the  only 
one  worthy  of  notice  is  "  double-kilning."  The  hard  limestone  is 
first  burned  to  quicklime,  then  sufficient  water  is  gently  sprinkled 
irver  it  so  that  it  slakes  and  yet  remains  a  perfectly  dry  powder ;  the 
lime  powder  is  mixed  with  clay  or  ground  shale,  and  then  burned. 

The  kilns  principally  used  in  England  ('*  dome  kilns  ")  internally 
are  in  the  form  of  an  elongated  egg,  or  two  frustrums  of  cones,  base 
to  base  ;  in  height,  30  to  60  ft. ;  in  widest  diameter,  9  to  18  ft.  One 
40  ft.  high  would  hHve  about  the  following  dimensions :  At  the  top, 
8  ft.  diaui.;  from  top  to  17  ft.  down  it  widens  to  about  12  ft. ;  for  the 
next  14  ft.  (31  ft.  from  top)  it  contracts  to  8  ft. ;  from  there  to  the 
grate  bars  (36  ft.  from  top)  the  diameter  is  6  ft.  The  ashpit  or  draw- 
hole  is  about  4  ft.  high.     The  lining  throughout  is  firebrick. 

The  mode  of  burning  in  this  kiln  is  simple.  Wood  is  placed  on 
the  grate  bars,  2  ft.  high ;  then  a  layer  of  ccal,  on  which  alternate 
layers  of  coke  or  hard  coal  and  dry  lumps  are  arranged.  The  pro- 
portion of  coke  to  material  decreases  from  bottom  upward.  About 
10  per  cent,  of  the  weight  of  the  raw  material  of  coke  or  anthracite 
coal  is  requisite  to  bum  such  a  kiln. 

These  kilns  are  intermittent  When  once  lighted  they  bum  till 
all  the  fuel  is  exhausted.  The  reason  is  that  the  material  being 
burned  at  such  a  high  heat,  the  cement  clinker  adheres  so  strongly  to 
the  sides  that  it  is  impossible  to  draw  it  all  from  the  bottom  without 
first  lootfiening  it  from  the  sides. 

Clinker  of  a  brown  colour,  which  when  taken  from  the  kiln  dusts 
exoessiveh',  producing  a  soft,  smooth-feeling  powder,  contains  an 
excess  of  clay,  is  weak  in  indurating  capacity,  and  will  contract  after 
being  u^ed.     Much  less  fuel  is  required  to  burn  it. 

Clinker  of  a  black  colour,  which  does  not  dust  when  taken  warm 
(not  hot)  from  the  kiln,  and,  when  powdered,  has  a  bluish  cast,  con- 
tains an  excess  of  lime.  If  not  great,  it  can  be  purged  of  this 
dangerous  quality  by  »preading  it  out  on  floors  till  the  excess  of  free 
lime  has  becooje  neutralised  by  the  action  of  the  air,  and  can  then  be 
used  without  danger.     But  if  the  excess  of  lime  is  very  great,  no 
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exposure  will  eradicate  it.  To  manufacture  such  a  cement  is  expen- 
sive :  it  takes  large  amounts  of  fuel  to  clinker,  and  time  is  lost  by  the 
long  exposure  required. 

If  there  has  to  be  an  excess  of  lime  or  clay,  it  would  be  better  ft»r 
the  manufacturer  to  have  a  Blight  excess  of  lime  rather  than  an  exoees 
of  clay. 

The  powder  of  a  normal  or  perfectly  combined  clinker  should, 
when  freshly  ground,  be  of  a  grey  colour,  tinged  with  green,  losing 
much  of  its  green  cast  after  exposure  for  a  few  days ;  it  should  le  | 
granular  in  character  when  finely  ground,  and  should  at  no  time  have 
a  smooth  or  silky  feel. 

Many  cements  contain  an  excess  of  lime  sulphate,  derived  eith^ 
from  a  contamination  of  the  limestone  with  gypsum,  or  the  result  of 
the  oxidation  of  the  sulphurets  that  existed  in  the  clay  or  shales,  or 
due  to  the  sulphur  that  is  always  present  in  a  greater  or  less  d^ree 
in  the  fuel.  This  lime  sulphate  is  detrimental  to  a  cement,  and 
should  not  be  tolerated  in  appreciable  amounts.  Over  1^  percent 
sulphuric  add,  or  1^  per  cent,  carbonic  acid,  or  1  per  cent,  magnesia, 
is  very  objectionable. 

A  convenient  source  of  lime  carbonate  for  cement-making  is  the 
'*  lime  mud  "  forming  a  waste  product  in  alkali  manufacture.  It  is 
worked  by  J.  S.  Bigby's  patent. 

The  consumption  of  fuel  for  cement-burning,  per  ton  of  dinker,  is 
thus  stated : — 

For  open  or  ohnmber  kiln 4}  to  6)  owt.  ooke. 

„  Hoffman  kiln 3{  „ 

„  Dietzaoh  kiln 2  to  3  owt  small  coaL 

Continuous  kilns  of  the  Dietzsch  type,  in  which  the  materials  and 
coal  are  charged  in  at  the  top  while  the  burned  clinker  is  withdrawn 
at  the  bottom,  are  coming  into  general  use,  and  proving  very  econo- 
mical of  fuel.  Duryce's  revolving  furnace  using  crude  petroleum  as 
fuel,  is  favoured  in  America. 
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CLAY. 

I'hk  cKaracteristio  property  possessed  by  the  mineral  substances 
whioh  are  classified  under  the  term  clay  is  plasticity,  due  to  hydrous 
alumina  silicate.  The  purest  clay  is  known  as  kaolin,  or  china  clay ; 
it  is  composed  of  minute  particles  loosely  aggregated,  resembling 
(when  magnified)  fish-roe  in  appearance,  and  starch  globules  in 
physical  qualities.  The  crystalline  components  of  clay  are  generally 
deognated  as  sand,  and  consist  of  fragments  of  ditferent  mineral 
Bpeciee,  sucli  as  quartz,  felspar,  mica,  hornblende,  tourmaline,  magnetic 
Iron,  &C.  These  crystalline  substances  may  be  found  in  particles  not 
mudi  lar^r  than  the  globules  of  kaolin  proper,  and  thus  remain 
M2«pended  ij?ith  it  in  water,  while  the  coarser  sand  settles  quickly,  and 
[Day  be  separated  from  the  kaolin  and  the  finer  crystalline  materials. 
Ihe  contamination  of  kaolin  with  these  fine  crystalline  particles 
[^Te  rise  to  the  erroneous  deduction  that  kaolin  itself  had  a  crystal- 
line Btmcture. 

Other  compounds  present  in  clays,  which  have  an  important 
bearing  in  determining  their  economic  value,  are  iron  pyrites,  lime 
Rilphate,  lime  carbonate,  dolomite,  carbonaceous  and  bituminous 
Eoatter,  iron  oxide,  <S:c.  To  these  are  due  the  various  colours  which 
characterise  ordinary  clays,  and  which  vary  in  their  efifect  upon  the 
naterial  i^hen  it  is  applied  for  technical  purposes. 

Disintegration  of  the  primitive  rocks,  and  the  rocks  that  were 
igain  formed  from  them,  going  on  through  millions  of  years,  has 
-csolted  in  a  deposition  of  vast  amounts  of  cEiys  of  more  or  less  purity, 
rhey  occur  in  beds  of  varying  thickness,  and  follow  the  stratification 
n  dip  and  strike  of  the  underlying  rock.  These  primary  deposits  of 
slay  have  been  rearranged  many  times  by  subsequent  geological 
ih^ges,  iivhich  have  sometimes  resulted  in  the  purification  of  the 
ilay  mineral  proper,  and  at  other  times  in  its  degeneration. 

The  power  to  pass  into  a  plastic  state  decreases  in  proportion  as  a 
and  J  element  is  mixed  with  the  clay.  It  is  strongest  in  the  ^'  fat " 
ind  weakest  in  the  "  lean  "  clays.  A  "  fat "  clay  dries  very  slowly 
aid  unevenly,  and  warps  and  cracks  in  drying.  Equivalent  quanti- 
i£s  of  different  fluxing  oxides  produce  the  same  efiect  upon  the 
osibilitj  of  a  clay ;  for  example,  if  analysis  shows  that  a  certain  clay 
ontains  magnesia  *3  per  cent,  and  that  another  contains  potash 
7  per  cent.,  we  may  expect  with  certainty  that  both  will  have  the 
ame  resisting  power  to  the  action  of  fire.  The  presence  of  these 
everal  substances  in  the  clay  does  not  influence  the  effect  produced 
J  each  singly,  their  fusibility  increasing  only  with  the  higher  sum 
f  their  combining  weights. 

Briek  Clay. — Ordinary  yellow  brick  clay  contains  iron  as  oxide 
nd  as  carbonate  chemically  combined  with  water  in  the  form  of 
3  drates.      The  expulsion  of  this  water  in  the  process  of  burning 
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imparts  a  red  colour,  due  to  the  convereion  of  the  hydrated  oxidee  c 
iron  into  the  anhydrous  form.  The  principal  constituent  of  brie 
clay,  and  that  upon  which  its  plasticity  depends,  is  silica.  Thi 
constituent  used  alone  shrinks  and  cracks  in  diying,  war}«  an 
becomes  very  hard  when  baked.  Silica  is  also  present  in  near! 
all  clays  in  an  uncombined  state,  such  as  sand.  A  proper  pr 
portion  of  sand  prevents  cracking,  shrinkage,  and  warping,  an 
famishes  silica  necessary  for  a  partial  fusion  of  the  materials,  whic 
increases  the  strength  of  the  brick.  l*he  sand  also  makes  the  brie 
more  shapely  and  equable  in  texture ;  but  an  excess  of  sand  in  cla 
renders  the  brick  made  from  it  too  brittle.  A  small  quantity  of  lin 
carbonate  has  a  beneficial  effect  upon  brick  clay  in  two  ways-^ 
lessens  the  contraction  of  the  newly  made  bricks  in  drying,  and  aci 
as  a  flux  in  the  kiln  by  the  formation  of  lime  silicate,  which  bini 
the  particles  together.  It  is  evident  from  this  that  exoesB  of  lin 
carbonate  in  the  day  would  cause  the  brick  to  melt  and  lose  its  ahap 
Iron  pyrites  in  a  brick  clay  is  objectionable ;  cdso  the  presence  < 
carbonaceous  matter  to  any  extent,  as  a  black  discoloration  ia  likd 
to  occur.  Common  salt  is  nearly  always  present  in  minute  qxuuititi< 
in  clay.  In  that  near  the  seashore  the  amount  is  apt  to  be  so  grei 
that  bricks  made  from  it  are  of  poor  quality.  Salt  melts  readily  sa 
glazes  the  outside  of  the  bricks,  and  the  heat  cannot  be  raided  c 
maintained  sufficiently  long  to  bum  them  to  the  core,  or  into  goo* 
hard  brick ;  as  a  consequence,  they  are  soft  and,  from  the  presence  i 
the  decomposed  salts  of  magnesia  and  soda,  are  always  damp,  owing  t 
the  tendency  of  these  salts  to  absorb  moisture  from  the  atmospheii 
The  presence  of  the  alkaline  carbonates  in  clay,  to  any  notable  ext^ii 
prevents  its  being  used  as  a  brick  clay,  the  alkali  causing  the  materii 
to  melt  readily. 

Brickmakers  divide  clays  into  three  classes : — 

Plastic  or  strong  clays,  which  are  chiefly^  alumina  silicate ;  thel 
are  called  by  the  workmen  "  fat "  clays. 

Loams  or  mild  clays  are  those  in  which  a  considerable  proportic 
of  sand  is  intermixed. 

Marls  or  calcareous  clays  contain  a  notable  quantity  of  lime  cft] 
bonate. 

*^  Malm  "  is  a  name  applied  to  an  artificial  marl,  made  by  addio 
to  and  interujixing  with  the  clay  a  proper  proportion  of  lime  cal 
bonate. 

As  a  general  rule,  a  clay  fit  for  the  manufacture  of  a  firsi-cU 
quality  of  brick  is  not  met  with  in  nature,  being  deficient  either  | 
sand  or  lime.  A  good  brick  clay  is  one  that  contains  sufficient  fu^il 
elements  to  bind  the  mass  together,  but  not  so  much  as  to  make  fl 
bricks  adhere  to  each  other  or  become  vitrified.  Such  days  contd 
20  to  30  per  cent,  alumina,  and  50  to  60  per  cent  silica,  the  remaini 
consisting  principally  of  lime  and  magnesia  carbonates  and  iA 
oxide. 

Pure  or  "  fat "  clays  are  sometimes  used  without  any  admixtia 
Bricks  thus  made  are  generally  deficient  in  weathering  qualities.  J 

The  following  may  be  taken  as  the  ordinary  me&od  of  makl 
what  are  known  as  "clamp-bricks"  (i.e.   bricks  which  are  euJ 


Digitized  by 


Google 


NON-METALLIFEROUS  MINERALS,  187 

aentlj  to  be  burned  in  clamps)  about  London.  The  preparation 
nnmenoes  in  the  winter,  during  which  season  the  brick-earth  is  dug 
ad  mixed  with  chalk  and  fine  ashes.  These  ashes  are  the  siftings 
rom  the  contents  of  the  dust-bins  of  London  houses,  and  consist  of 
ie  finer  particles  of  coal  and  breeze  (cindern),  mixed  inevitably  with 
iline  matters  from  the  burned  coal  and  with  organic  matter  both  of 
egetable  and  animal  origin.  For  the  ordinary  kinds  of  brick,  20 
tuddrons  of  ashes  and  15  tons  of  chalk  are  mixed  with  every 
700  cub.  ft.  of  brick  earth.  At  the  Burham  works,  near  Maidstone, 
rhere  the  basis  of  the  ordinary  clamp  bricks  is  a  red  clay  which  lies 
slow  the  ohalk  and  above  the  blue  clay  (gault),  out  of  which  the 
brtUmd  cement  is  manufiictured,  the  preparation  of  the  "  turf,"  as  it 
\  Uiere  teriued,  is  as  follows : — A  heap  is  made  of  successive  layers  of 
lay  (which  contains  chalk  enough  for  the  brickmaker's  purposes), 
iikd,  and  ashes  in  the  following  proportions,  viz.  1  ft.  deep  of  clay, 
in.  of  sand,  and  f  in.  of  ashes,  and  these  layers  are  repeated  until  a 
np  about  10  ft.  high  is  formed.  The  heap  is  left  to  become 
weathered ''  until  the  spring,  when  it  is  dug  down  and  well  mixed. 

China  Clay, — The  whole  of  the  china-clay  used  in  the  United 
ongdom,  and  most  of  that  used  on  the  Continent  of  Europe,  amount- 
ig  in  the  aggregate  to  upwards  of  3,000,000  tons  yearly,  is  produced 
&  Cornwall  and  the  western  part  of  Devonshire.  The  greater  pro- 
ioftiun  of  that  used  in  the  United  States  is  mined  in  Pennsylvania 
ud  Delaware. 

Beanlting  from  the  decomposition  of  a  rock  composed  of  felspar 
ad  quartz,  it  is  found  in  pockets  or  beds  in  low  and  occasionally 
vampy  ground. 

Kaolin  is  generally  proved  by  boring,  or  by  sinking  small  shafts. 
¥hen  the  position  of  a  deposit  is  determined,  the  overlying  soil  is 
emoved  and  the  clay  is  uncovered.  The  clay  is  toilsome  to  excavate ; 
ke  strongest  steel-pointed  shovels  are  required  for  the  work.  It  is 
emoved  by  means  of  carts,  cars,  or  derricks,  and  the  bed  is  drained 
gr  pumping.  The  clay,  as  extracted,  is  treated  in  a  washing-machine, 
n  which  revolves  a  horizontal  shaft,  3  or  4  in.  diam.,  carrying  kidves 
l2  in.  long,  at  4  in.  pitch.  A  stream  of  water  is  turned  on,  and  the 
ilay  is  charged  at  the  top  or  hopper  entrance.  It  is  divided  as  it 
Mtfses  through  the  machine,  and  the  sand  or  quartz  delivered  with 
he  clay  and  water  settles  in  a  box  or  sump,  whence  it  is  continually 
bevelled  out.  The  clay  combined  with  water,  to  the  consistency  of 
■earn,  runa  slowly  off"  into  a  number  of  troughs,  where  impurities 
l»ttJe  to  the  bottom,  and  whence  it  is  turned  into  large  vats,  where  it 
■mains  until  it  becomes  quite  thick.  From  tht  se  it  is  pumped  into 
Eiter-preflses,  which  consist  of  wooden  panels  or  diaphragms,  each  of 
which,  contains  a  canvas  bag.  The  water  escapes  througti  the 
Rtersticee  of  the  canvas,  and  the  clay  is  of  such  consistency  that 
t  can  be  handled  and  placed  on  shelves  in  open  air  to  dry  ready  for 
^lipment. 

Kaolin  ia  improved  by  exposure.  If  piled  and  allowed  to  freeze 
tnd  thaw  in  winter,  it  is  found  to  be  the  tougher  for  it  in  the  spring. 
Krom  30  to  50  per  cent,  of  washed  kaolin  is  obtained  from  the  crude 
imy.    The  quartz  washed  from  the  clay  is  pulverised  and  sold  to  the 
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potters,  who  use  it  in  the  body  of  the  ware,  and  also  with  felspar  ai 
a  glaze. 

Coi' POSITION  OP  China  Clays. 


China.  StydeuxJ    Aue. 

GornwalL 

Indiana. 

New  Jeney. 

WiaooQSln. 

Silica  ..     .. 

50-63 

48-37    1  46-00 

45*82 

40-50 

45^61 

3820 

49^94 

69a 

Alumina     .. 

82-74 

84-95   139-00 

38-60 

36-85 

3904 

35^09 

36-80 

19-1 

Iron  oxide  .. 

2-64 

1-26 

•25 

•15 

110 

1-82 

•72 

1-7 

Lime   .. 

-50 

,, 

,, 

3-47 

,, 

,, 

,, 

,, 

•4 

liagnesia    .. 

27 

,, 

.• 

•13 

,, 

•21 

, , 

•3 

Alkalies      .. 

2-52 

2-40 

, , 

1-77 

•14 

251 

2-65 

•92 

5-7 

Water ..     .. 

10-01 

12-62     12-74 

9-08 

22-60 

10^90 

12^10: 11-62 

1 

2-6 

Fireclay. — Fireclays  are  almost  exclusively  obtained  from  th^ 
coal  measures,  where  they  often  form  the  bed  on  which  the  coal  liet 
They  are  mined  simultaneously  with  the  coal.  They  are  remarkabl; 
pure,  sometimes  consisting  virtually  of  silica.  As  they  are  reqairet 
to  withstand  high  temperatures,  objectionable  impurities  woiUd  b 
iron  oxides  (above  6  per  cent.),  and  magnesia,  lime,  soda  or  potasl 
(if  exceeding  a  total  of  3  per  cent.).  One  of  the  most  renown^  fire 
clays  contains  97  per  cent,  silica,  1*39  alumina,  '5  water,  '48  ferrou 
oxide,  *2  potash  and  soda,  and  *019  lime.  Weathering  improve 
them. 

The  clay  from  which  the  well-known  Mt.  Savage  firebrick  is  mad| 
is  found  as  a  very  hard  rock-like  mass,  only  to  be  obtained  by  blasting 
in  veins  7  to  14  ft.  thick,  which  appear  to  belong  to  the  Carboniferoa 
period.  As  first  taken  from  the  mine,  it  is  in  the  form  of  large  block] 
of  a  rich  grey  or  a  dark-brown  colour,  with  highly  polished  surfacd 
which  are  often  beautifully  mottled.  After  exposure  to  the  air  fo' 
3  or  4  months,  these  blocks  can  be  easily  broken,  by  aid  of  a  sledge 
hammer,  into  small  ones  which  still  have  highly  polished  sur&oeti 
1  he  clay  is  almost  infusible  before  the  blow-pipe,  and  on  this  aoooonl 
as  well  as  on  account  of  its  peculiar  formation  and  structure,  a  fall  ani 
complete  analysis  is  not  devoid  of  interest. 

It  has  a  sp.  gr.  of  2*54  and  a  hardness  of  3*5.  An  ultimat 
analysis  gave  the  following  result : — 

Water     9-88  per  cent. 

Silica       60-19  „ 

Alumina 29*  10  „ 

Iron  oxide      0*89  „ 

Lime        none 

Magnesia  '     tnice                                     | 

Alkalies 0-03  „ 

Carbon 002  „ 

Total       100-10      „ 

This  analysis  shows  that  the  clay  is  free  from  any  admixtures  i 
felspar  or  other  double  silicate,  and  only  contains  0*92  per  oent 
fluxing  substances.  The  value  of  a  fireclay,  however,  depends  not  oi 
on  the  absence  of  double  silicates  and  fluxing  substances,  but  also 
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}k)w  much  of  the  silica  exists  united  to  the  aluminium  and  how  much 

in  the  free  state  as  sand. 

The  detennination  of  the  free  and  combined  silica  made  according 

to  the  method    proposed    by    Forchhammer    gave   the    following 

results: — 

Combined  silioa       2809  per  cent. 

Free  Bllica  or  sand 31*84      „ 

Hydrated  Bilica       0-23      „ 

There  are  two  methods  of  determining  the  fusibility  or  refract 
toriness  of  fireclay — theoretical  and  experimental. 

In  the  former,  conclusions  are  drawn  from  the  chemical  composi- 
tion ;  in  the  latter,  from  the  changes  which  the  clay  undergoes  when 
subjected  to  intense  heat. 

In  the  theoretical  method,  leaving  out  the  hygroscopic  and  com- 
b'ned  water  and  organic  matter  as  not  affecting  the  fire-resisting 
property,  the  refractory  constituents  are  alumina  and  silica,  and  the 
kxinz  constituents  are  magnesia,  lime,  soda,  potash,  and  ferric  oxide, 
^cooroing  to  Bischef,  alumina  is  the  least  ^sible  component,  and 
dlica  follows  close  upon  it,  though  a  mixture  of  the  two  has  a  much 
iower  melting-point.  The  manner  in  which  silica  affects  the  refrac- 
toriness of  alumina  is  variable. 

The  least  fusible  mixture  consists  of  one  molecule  of  alumina  and 
two  of  silica,  and  melts  at  a  temperature  indicated  by  Soger  cone 
So.  35.  The  fusibility  increases  with  the  amount  of  silica  up  to  the 
pportion  lAl^Oj:  ITSiO,,  and  then  decreases  (on  account  of  the 
preponderance  of  silica,  which  cannot  combine  to  form  a  silicate), 
mtil,  finally,  the  alumina  disappears  and  the  melting-point  of  silica, 
iqnal  to  that  of  Soger  cone  No.  35,  is  reached.  The  practical  deduc- 
»n  is  that  the  refractoriness  of  a  fireclay  increases  with  the  amount 
ff  almnina  it  contains. 

The  effects  of  the  fluxing  constituents  have  been  studied  by 
Jischof  and  Bichters,  who  propound  the  law  that  the  fluxing  property 
I  inversely  proportional  to  the  molecular  weights ;  thus  40  magnesia 
ronld  have  a  slagging  effect  equivalent  to  56  lime,  62  soda,  94  pot- 
ih  or  160  ferric  oxide.  Soger  maintains  that  ferric  oxide  has  a 
tponger  slagging  effect  than  any  other  of  the  four  bases.  Whatever 
oay  be-the  precise  order  of  these  bases,  it  is  a  settled  fact  that  if  they 
xceed  6  per  cent,  of  the  ignited  clay  it  cannot  be  classed  as  refractory. 

To  sum  up,  the  fire-resisting  power  of  a  clay,*  considered  from  a 
hemical  point  of  view,  depends  first  upon  the  character  of  the 
^ing-constituents  and  their  relation  to  alumina  and  silica,  and 
Mindly,  on  the  relation  of  alumina  and  silica  to  one  another. 
Sachof  arrives  at  the  refractory  character  of  a  clay  by  what  he  calls 
be  refractory  quotient,  which  he  obtains  by  dividing  the  quotient  of 
be  oxygen  of  the  fluxes  into  that  of  the  alumina,  by  the  quotient  of 
be  oxygen  of  the  alumina  into  that  of  the  silica,  thus : 

Qin  AI2O3  ^  0  in  SiO^ 
OinKO      •    OinAljOa* 

Bischof  s  method  has  found  pretty  general  acceptance  within  the 
eceasary  limitations.    It  is,  however,  questioned  to  some  extent  by 
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Seger,  who  recommends  adding  the  ratio  of  the  fluxing  oonstitnent  to 
the  alumina  with  that  to  the  silica,  and  multiplying  this  sum  by  the 
quotient  obtained  from  dividing  the  latter  into  the  former,  thus  : 

O  in  Al^Oa         9_i^SiOa\         /O  in  Al^  ^  O  in  SiOA 
O  in  RO     "^    O  in  RO  /        V  O  in  RO      "     O  in  RO  / 

No  deduction,  however,  made  from  chemical  analyses  can  have  the 
force  of  a  positive  determination,  because  analysis  necessarily  i^oree 
the  physical  constitution,  whereas  a  coarse-grained  clay  is  less  losible 
than  a  fine-grained,  and  a  compact  than  a  loose  one. 

Experimental  methods  may  be  classed  as  direct  and  indirect 
Until  lately  all  the  direct  methods  have  given  only  what  may  \k 
called  qualitative  results,  that  is  small  samples  of  clay  were  exposed 
to  an  elevated  temperature  and  the  effect  was  noted.  Bischof  coats  t 
piece  of  oiled  paper  with  a  clay  paste,  and  gets  thin  tablets  off  wher 
the  clay  dries.  Another  test  is  to  place  a  sample  of  the  dry  pul- 
verulent  clay  in  a  crucible  and  heat  in  a  furnace.  His  effective  testi 
to  distinguish  fritting  from  fusing  are  to  draw  a  line  with  pen  anc 
ink  over  the  fracture  of  the  sample  or  touch  it  with  the  tongue.  I 
it  is  fritted  it  will  adhere,  and  the  ink  will  spread  as  it  would  oi 
blotting-paper ;  if  it  is  fused  it  will  not  stick  to  the  tongue,  and  thi 
pen  and  ink  line  will  be  sharp  and  clear.  The  transition  froii 
qualitative  to  quantitative  work  is  made  by  Otto,  who  forma  tw< 
small  test-bricks  (4J  by  2f  by  1}  in.)  from  a  uniform  mixture  of  hal 
raw  and  half  burnt  clay,  places  them  alternately  with  two  othei 
bricks  of  the  same  size  and  of  known  properties  to  form  an  oblong  oi 
a  refractory  pedestal  in  a  crucible  furnace,  and  then  heats  them  witi 
charcoal,  coke,  and  forced  draught  for  about  2  hours. 

The  only  quantitative  direct  method  is  that  by  Seger  and  Cramer 
who  form  from  the  sample  of  clay  to  be  tested  a  number  of  cones 
inclose  a  test-cone  with  two  different  numbers  of  the  standard  conei 
in  a  magnesia  crucible,  and  heat  with  gas-carbon  in  a  Devitle  fomaa 
lined  with  chromite. 

In  these  experiments  the  sample  has  necessarily  been  excdudet 
from  view  and  the  temperature  of  the  furnace  could  not  be  controUec 
with  any  degree  of  nicety.  To  overcome  these  difficulties  an  Attemp 
has  been  made  by  H.  0.  Hofman  and  C.  D.  Demond*  to  oonstmct  i 
furnace  in  which  the  temperature  could  be  easily  measured  and  th 
samples  watched,  and  to  devise  a  method  of  testing  which  did  no 
require  temperatures  near  that  of  the  melting-point  of  platinxui] 
This  furnace  employs  ordinary  illuminating  gas,  and  is  full; 
described  by  the  authors  in  their  paper. 

For  additional  information  refer  to  article  Clay,  in  Spons'  '  Enej 
clopsedia,'  and  article  Brick-making  in  Spons'  *  Dictionary  o 
Engineering.' 

♦  TranB.  Amer.  Inst.  Min.  Engs.,  1S94. 
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COAL  AND  COKE. 

jr  domestic  and  industrial  importance,  coal  may  be  placed  foremost 
mong  mineral  products.  G^logically  it  is  most  prominent  in  strata 
f  the  Primary  System,  conferring  a  special  name  upon  the  beds  lying 
etween  the  Permian  and  Devonian  formations ;  but  large  quantities 
f  mineral  fuel  are  also  derived  from  other  formations. 

Though  all  coals  may  be  attributed  to  a  like  source,  viz.  accu- 
inktions  of  Tegetable  matters  under  certain  conditions  of  pressure 
nd  exclusion  of  air,  no  mineral  shows  a  greater  inconstancy  of  com> 
oBi'tion.  A  few  examples  of  British  coals  will  suflRce  to  illustrate 
lis. 

(aj  Specially  good  steam  coal,  burning  freely  and  yielding  very 
[ttle  ash,  shows  on  analysis : — 

CSarbon        76-94 

Hydrogen 5-20 

Nitrogen trace 

Solphor      0-38 

Oxygen      14*37 

Ash 311 

(&)  Good  domestic  coal,  and  valuable  for  gas  making,  steam 
ifing,  and  iron  smelting,  affording  nearly  60  per  cent,  of  coke : 

Carbon       81-36 

Hydrogen 6-28 

Nitrogen 1-53 

Sulphur      1-57 

Oxygen      637 

Ash 2-89 

(c)  Strong  durable  coal,  yielding  much  ash : 

Carbon       73-52 

Hydn^gen 5-69 

Nitrogen ..  2*04 

Solphnr      2-27 

Oxygen      6-48 

Ash 10-00 

(i)  Kotten  coal,  coking  very  slightly,  weak,  and  smelling 
ipleasantly  in  domestic  grates  from  excess  of  animal  remains : 

Carbon     66314 

Hydrogen         5-627 

Oxygen 22-861 

Nitrogen 565 

Solphnr 2-364 

Ash 2-269 

Water       34-660 
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(c)  Coal  rich  in  oil  and  parafiSn,  of  high  illnminating  power,  an 
therefore  valuable  for  gas  making : 

Volatile  matter         68-40 

Coke 31-60 

Ash 22-80 

Sulphur     -53 

Sulphur  in  volatile  matter      *45 

(f)  Coals  of  moderate  quality,  used  for  steam  raising  and  iro 
smelting : 

Carbon      64*9  ..        63-8 

VolatUe  matter       ..      ..     346  ..        34*8 

Ash -5  ..  1-4 

From  the  researches  of  Mahler,  Johnson,  and  Gruner,  it  appear 
that  the  economic  value  of  a  coal,  which  may  be  said  to  depend  on  ii 
steam  raising  qualities,  may  be  deduced  from  its  chemical  con 
position,  and  the  outcome  of  their  investigations  is  condensed  in  tl 
subjoined  table : 

Appboxihate  Heating  Value  of  Coals. 


Percental^  of  Fixed 

Heating  Valne. 

1 

1    Percentaae  of  Fixed 

Heating  Vatoe. 

Carbon  in  Coal,  Dry 

British 

!    Carbon  in  Coal,  Dry 

Brftbh 

and  Free  from  Aah. 

Galoriea. 

Thermal 
Units. 

1    and  Free  from  Ash. 

Calorifli. 

TbenDal 

Units. 

97 

8,200 

14,760 

63 

8,400 

15,120 

94 

8.400 

15,120 

60 

8,100 

14,580 

90 

8,600 

15,480 

57 

7.800 

14,040 

87 

8,700 

15,660 

54   ■ 

7,400 

13,520 

80 

8,800 

15,840 

51 

7.000 

12,600 

72 

8,700 

15,660 

50 

6,800 

12,240 

68 

8,600 

15,480 

But  below  50  per  cent,  of  fixed  carbon  the  law  does  not  hold,  f( 
some  tests  of  lignites  depart  considerably  from  the  average  curve,  i 
do  also  cannel  coal  and  turf.  In  the  case  of  cannel  coal  t^is  may  1 
accounted  for  by  the  relatively  hich  percentage  of  hydrogen  and  1<> 
percentage  of  oxygen,  but  it  is  difficult  to  account  for  the  high  vai^ 
shown  by  turf.  i 

Comparison  of  the  industrial  or  steaming  power  by  Johnson*s  ai 
Gruner's  tests  with  the  heating  value  as  determined  by  a  calorimet 
strongly  emphasises  the  fact  that  in  the  burning  of  highly  bituminon 
<k>als  under  ordinary  steam-boilers  a  ^eater  percentage  of  heat  is  k 
than  in  the  burning  of  anthracite  and  semi-bituminous  coals.  Th« 
is  but  little  difference  in  the  calorimetric  heating  power  of  ooi 
containing  respectively  70  and  85  per  cent,  of  fixed  carbon,  but 
industrial  practice  the  latter  give  15  to  20  per  cent  higher  resnil 
This  is  simply  due  to  the  great  difficulty  in  ordinary  boiler  fumao 
of  burning  the  excess  of  volatile  combustible  matter,  which  oo 
sequently  passes  out  of  the  chimney  in  smoke  and  unbumed  gasea^ 

While  a  consumer   who  estimates  the  value  of   a   coal  by 
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dementary  oomposition  has  a  good  chanoe  of  finding  a  figure 
roffioiently  near  to  the  trath,  except  in  the  case  of  extra-hydrogenous 
soals  (0)  of  the  nature  of  cannel  coal,  still  it  is  difficult  to  determine 
trith  precision  the  hydrogen  and  the  carbon  contained  in  a  coal,  and 
It  is  more  simple  to  have  recourse  to  a  calorimeter,  which  permits  us 
to  appraise  the  value  of  all  the  combustibles  without  exception,  and 
inth  precision. 

An  excellent  form  of  calorimeter  is  described  in  detail  in 
inmaJkt  de  Physique  et  de  Chimie,  1861  and  1885.  The  bomb  consists 
)f  a  shell  of  forged  Siemens  Martin  steel,  654  c.c.  capacity,  weighing 
ibont  8}  Dxj  and  with  walls  8  mm.  thick,  nickel-plated  outside,  ana 
internally  ooated  with  a  white  enamel  to  protect  it  from  the  corrosive 
fcction  of  the  gases  of  combustion.  This  coating  is  very  thin,  and 
iffers  no  appreciable  resistance  to  the  transmission  of  heat. 

The  combustible  whose  calorific  power  is  to  be  determined  is 
placed  in  a  platinum  capsule  suspended  in  the  interior  of  the  shell, 
uul  the  shell  is  immersed  in  water  in  a  calorimeter  made  of  thin 
iheet  brass,  which  is  surrounded  by  a  non-conducting  envelope.  The 
miform  weight  of  2*2  kilo,  of  water  is  used,  and  the  quemtity  of 
sombustible  used  is  generally  1  grm.  I'he  shell  is  filled  with  oxygen 
{KB  under  a  pressure  of  20  to  25  atmospheres,  the  stopper  is  tightly 
closed,  and  the  combustible  is  ignited  by  passing  an  electric  current 
through  a  fine  iron  wire  placed  in  the  combustible.  The  combustion 
■liich  takes  place  is  complete  and  almost  instantaneous.  The  heat 
lisengaged  is  transmitted,  without  any  loss,  to  the  water  in  the 
lalorimeter,  where  its  quantity  is  measured  by  a  delicate  thermo- 
Deter,  the  water  being  thoroughly  stirred  by  a  spiral  agitator.  On 
looount  of  the  rapidity  of  the  experiment  the  greater  part  of  the 
ftnrections  nsually  necessary  in  calorimetric  work  are  negligible ;  for 
ntample,  those  due  to  the  evaporation  of  water  and  to  the  variations 
in  temperature  of  the  room.  The  correction  for  the  "  water  equiva- 
ient "  of  the  apparatus  itself  was  determined  by  experiment  to  be 
181  grm.,  which  is  to  be  added  to  the  weight  of  water  used  in  the 
lalorimeter,  or  2200  grm.  The  correctness  of  this  figure  was  further 
proved  by  experiments  on  the  combustion  of  naphthaline,  the  calorific 

Ewer  of  which  had  been  determined  by  a  great  number  of  trials  to 
9692  calories  per  kilo.  Three  experiments  with  the  bomb  gave 
>•  6855,  9  •  6855,  and  9  •  6935  calories,  a  mean  of  9  •  688  calories  per  grm. 
In  conducting  an  experiment,  the  observer  notes  the  temperature 
bom  minute  to  minute  for  4  or  5  minutes  before  the  ignition,  while 
Bonstantly  stirring  the  water;  then  having  made  the  ignition,  the 
temperature  is  noted  ^  minute  and  1  minute  afterwar<^  and-  then 
*  om  minute  to  minute  until  the  temperature  is  reached  from  which 
begins  to  decrease  regularly.  This  temperature  is  the  maximum. 
^  observation  is  continued  about  5  minutes  longer  to  determine 
law  followed  by  the  thermometer  after  the  maximum,  and  the 
pODse^iient  correction  to  be  applied  for  cooling  of  the  calorimeter  by 
IBidiatioiL.  After  opening  the  bomb  its  interior  is  washed  with  dis- 
Bled  water  so  as  to  collect  the  liquid  nitric  acid  which  may  be 
tonoed  during  the  explosion.  The  amount  of  this  acid  is  determined 
vc^ometrically  by  titrating  with  a  solution  of  potash.     All  the  data 
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heiog  thus  obtained,  the  calculation  for  calorific  power  Q  of  the  com- 
bustible is  made  as  follows : — 

Let  D  be  the  difference  of  temperature  observed ; 

a,  the  correction  for  cooling ; 

P,  the  weight  of  water  in  the  calorimeter ; 

P',  the  equivalent  in  water  of  the  shell  and  its  accessories ; 

|>,  the  weight  of  nitric  acid  (NjOcH^O) ; 

p',  the  weight  of  the  spiral  of  iron  wire ; 
0  •  23  cal.  is  the  heat  of  formation  of  1  grm.  of  nitric  acid ;  and' 
1 '  6  cal.  is  the  heat  of  combustion  of  1  grm.  of  iron. 

We  have 

Q  =  (D  +  a) (P  +  F)  -  (0-23p  +  1-6|>'). 

In  an  industrial  determination  of  the  heating  power  of  a  sample  of 
the  well-known  Nixon's  Navigation  Coal  from  South  Wales,  analysis 
gave  :— 

Fixed  carbon,  without  ash 86*30 

Volatile  matter,  without  water 10*15 

Uygroscopio  water        1*85 

Aflb,  by  cfJoination       :      1*70 

10000 


Preliminary  Period. 

Combustion. 

min. 

o 

min. 

0 

min. 

o 

0 

15*20 

84   . 

16*60 

7 

1832 

1 

15-20 

4     . 

17*92 

8 

18-80 

2 

15-20 

5     . 

18*82 

9 

18*30 

3 

15*20 

6     . 

18*34 

10 

18-30 

maximum 

11 

18*26 

Pressure  of  oxygen,  26  atmospheres. 
18° -34  -  18*' -26 


a  = 


'_^"-  =  0^-016  per  minute. 


Differeuce  of  temperature  observed      3*140 

Correction  4-5,  5-6;  0*016  x  2  =       0*032 

Correction  4-8}        0-005 


Difference  corrected 


3177;  8ay318 


We  have  then,  for  the  quantity  of  heat  disengaged,  (2200  -f  481) 
grm.  X  3° -18  =  8-5256  calories;  less  weight  of  iron  wire,  -025  grm. 
X  1*6  =  0-040  calories;  nitric  acid  found,  0-16  grm.  x  0-23  = 
0-0345— total,  8*4511,  or  for  1  kilo,  of  the  coal,  8451  calories. 

The  tendency  to  spontaneous  ignition  in  coal  has  been  suppoeei 
to  increase  with  the  quantity  of  pjrrites  present  in  it,  but  experimei^ 
shows  that  it  is  the  tendency  or  power  of  the  cual  to  absorb  oxygiett 
which  must  be  taken  as  the  true  index  of  danger,  and  this  may 
be  roughly  gauged  by  the  amount  of  moisture  which  the  ooal  lu4> 
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abaorbed  from  the  air.  If  muoh  moisture  be  found  in  an  air-dried 
sample  of  ooal,  it  at  onoe  stamps  it  as  a  highly  absorbent  form,  whioh 
most  on  that  acoount  be  stored  with  special  precautions ;  if  but  little 
moifiture  be  present,  it  is  probably  unable  to  take  up  enough  oxygen 
to  lead  to  serious  mischief. 

This  is  shown  in  the  annexed  table,  which  ako  makes  it  clear 
how  little  pyrites  has  to  do  with  ignition : — 


I         LiaUUty  to  SpontaiwouB 
Combnstton. 


Very  slight 


Medium 


Great 


Pyrites  per  cent. 


113 

IDl  to  3-04 

1-51 

1-20 
1-08 
115 

112 
0-83 
0-84 
100 


MoUtore 
percent. 


2  54 
2-75 
3-90 


5(y 
55 
75 

85 
30 
52 


901 


When  once  coal  has  taken  up  oxygen,  and  the  early  stages  of 
heating  are  passed,  and  the  temperature  has  again  fallen,  all  danger 
of  ignition  is  over,  and  it  may  be  stored  in  any  quantity  with  perfect 
safety,  so  that  if  it  were  practicable  to  keep  newly  won  coal  for  a 
month  in  moderate-sized  heaps,  and  then  to  avoid  much  breakage  in 
afterwards  loading  it,  spontaneous  ignition  would  be  almost  unknown. 

An  idea  of  the  enormous  scale  on  which  coal  mining  is  conducted 
may  be  gained  from  the  subjoined  statistics  of  the  output  of  the 
principal  producing  countries  in  1890 : — 

MiUkm  Tons. 

Great  Britain     184} 

Germany     70 

France 26 

Belgium ..      ..      20 

Austria       9 

United  States 141} 

The  cost  of  production  per  ton,  taking  total  outputs  right 
in  1890,  was  as  follows  :— 

t,  d. 

Canada      4  4} 

Great  Britain 4  2| 

United  States 3  0} 

Continental  Europe 2  9| 


Of  these  Bums,  the  labour  cost  was : — 

«.    d. 

United  States 2    8} 

Canada      3    6 

Great  Britain    ..      ..     3    8 

Continental  Europe         1  lOi 


Percent, 
of  the  ToUl. 
89i 
801 
77* 
67} 
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The  average  output  per  miner  per  week  is  approximately  as 
follows: — 

TOQS. 

Oontinental  Europe     27f 

Canada 24i 

United  Statee       23} 

Great  Britain       18| 

These  calculations  refer  entirely  to  hand-mined  coal  as  it  comes 
from  the  miner,  without  being  screened  or  otherwise  treated.  Hand- 
mined  generally  costs  a  good  deal  more  than  machine-mined  coal,  the 
difference  being  occasionally  as  much  as  50  per  cent.  The  cheapest- 
mined  bituminous  coal  is  now  mined  by  hand  and  loaded  on  the  rail- 
road cars— every  expense,  improvements,  d^c,  included — in  some  parts 
of  the  United  States  for  about  1«.  lOjd.  per  ton  of  2000  lb. 

Machine  mining  is  steadily  being  extended  in  America,  and  not 
only  is  compressed  air  being  used  more  and  more  each  year,  but 
electricity  as  well  is  gaining  ground.  Some  of  the  best  coal-cutters 
are  now  driven  by  the  current,  and  electrical  underground  haulage 
(and  lighting)  is  recommending  itself  for  rapidity,  easy  control,  and 
cheapness. 

The  various  methods  of  mining  for  coal  and  the  operations 
incidental  thereto,  have  been  described  in  a  previous  chapter  (see 
pp.  99-102  so  far  as  regards  matters  of  general  application. 

Cutting, — Something  remains  to  be  said  here  about  coal-cutting 
machines  as  compared  -^th  hand  labour.  The  table  on  p.  197,  by 
Blake  Walker,  deals  with  the  question  on  the  basis  of  English  rat^ 
of  wages.  It  is  so  far  open  to  comment  in  that  insufficient  stress  is 
laid  upon  the  risks  of  delays  and  extra  costs  incidental  to  breakdowna 
with  cutting-machines,  and  a  certain  proportion  of  cases  will  oocm 
where  a  machine  cannot  be  used  at  all. 

Another  point  which  cannot  be  disregarded  is  the  necessity  foi 
having  intelligent  and  skilled  men  in  charge  of  the  coal-cutter.  Thesf 
are  not  always  easily  obtained.  In  any  event,  the  advantages  of  1 
machine  will  greatly  depend  upon  the  local  labour  market,  and  w< 
may  therefore  expect  machine  cutting  to  make  most  headway  -when 
wages  are  high.  It  is  therefore  all  uie  more  interesting  to  note  th< 
following  remarks  by  Scott  in  drawing  a  comparison  between  han< 
and  machine  cutting  in  Pennsylvania.  He  tinds  that  in  machin 
mining  the  stalls  can  be  made  much  wider,  because  of  the  grea 
rapidity  of  mining,  so  that  the  roof  will  stand  a  shorter  time  wit 
fewer  pillars.  The  immediate  effect  of  the  introduction  of  coa 
cutting  machineiy  is  to  reduce  the  cost  of  undercutting  from  2Qd.  \ 
5(2.  per  ton  of  Ij^in.  coal  in  the  Pennsylvanian  district.  Taking  ini 
account  the  other  expenses,  there  is  a  saving  of  25  per  cent.  Anoth< 
advantage  of  machine  mining  is  that  perfect  pillars  are  left  and  oa 
be  recovered,  as  there  is  no  temptation  to  rob  them.  The  reductic 
of  the  number  of  stalls  for  the  same  output,  due  to  machin ery,  all 
causes  a  great  saving  in  the  timber,  the  number  of  roads  and  the  trar 
ways  that  have  to  he  kept  up.  The  saving  of  coal  due  to  tiie  intr 
duction  of  machinery,  is  also  very  great ;  this  arises  from  the  sma 
amount  of  slack  and  the  larger  coal  produced  by  the  smaller  heig] 
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and  greater  depth  of  undercutting,  and  also  from  the  pillars  not  being 
orushed.  An  estimate  is  given  of  the  saving  in  expense  by  using  a 
plant  of  7  machines,  run  10  hours  a  day,  and  cutting  233  tons.  The 
cost  is  29/.  11«.  3d.,  made  up  as  follows:  fuel,  9^.  Id. ;  wages,  22.  lOs. ; 
deterioration  of  boiler,  engine,  electrical  apparatus  and  wire,  12.  6<. : 
cost  of  repairs,  1/.  0«.  Sd,;  cost  of  working,  4/.  17«. ;  loading  and 
blasting,  19Z.  8«.  The  indirect  saving  is  estimated  at  21.  19«.  The 
cost  of  hand  mining  is  382.  6«.  8ri  Worked  out  per  ton,  the  saving 
would  seem  to  be  9(2.  directly  and  3c2.  indirectly. 

A  number  of  coal-cutting  machines  will  be  found  described  in  the 
author's  '  Mining  and  Ore-dressing  Machinery ' ;  but  two  or  three  of 
the  most  modem  forms  deserve  description  here. 

The  Jefi&ey  pneumatic  coal-cutting  machine,  introduced  into  this 
country  by  John  Davis  &  Son,  of  Derby,  consists  of  a  bed  frame 
occupying  a  space  2  ft.  wide  by  7  ft.  6  in.  long,  composed  of  two  steel 
channel  h«irs  firmly  braced,  the  top  plates  on  each  forming  racks  ^with 
their  teeth  downward,  in  which  the  feed-wheels  of  the  diding  frame 
engage.  Mounted  upon  and  engaging  with  this  bed  frame  is  a  sliding 
frame,  similarly  braced,  consisting  maiidy  of  two  steel  bars,  upon 
which  are  mounted,  at  the  rear  ends,  one  double  5  by  b\  in.  engine, 
from  which  power  is  transmitted  through  straight  gear  and  iwt>nn 
wheel  to  the  rack,  by  means  of  which  the  sliding  frame  is  fed  forward. 
Upon  the  front  end  of  this  sliding  frame  is  mounted  the  cutter-bar, 
held  firmly  by  two  solid  steel  shoes,  with  suitable  brass  boxes.  The 
cutter-bar  contains  steel  bits,  made  of  tool  steel,  held  in  place  by  set- 
screws.  When  the  cutter-bar  is  revolved  these  cutters  or  bits  cover 
its  entire  face.  The  cutter-bar  is  revolved  by  an  endless  curved  link 
steel  chain  from  the  driving  shaft,  and  as  it  is  revolved,  is  advanced 
by  the  above  mechanism  into  the  (K)al,  or  other  material,  to  be  under- 
cut to  the  desired  depth. 

The  present  cutter- bar  is  a  great  improvement  over  those  formerly 
used,  as  instead  of  being  weakened  at  the  sprocket  by  being  squared, 
to  admit  of  the  former  straight  link  chain,  it  is  now  made  round  and 
increased  in  diameter  at  this  point.  The  bar  is  driven  as  before  by  a 
curved  link  chain,  thus  not  only  permitting  it  to  be  strengthened  at 
this  point,  but  greatly  increasing  the  leverage  of  the  chain  by 
throwing  it  farther  out  upon  the  sprockets^  and  greatly  lessening  the 
power  required  to  revolve  the  bar  in  the  coal,  as  well  as  reducing  the 
friction  and  wear  upon  the  chains.  The  feed  is  thrown  on  and  oSL 
by  means  of  a  lever.  The  cut  under  the  coal,  6  to  6  ft.  by  3  fL  6  in., 
is  made,  and  the  cutter-bar  is  withdrawn  in  4  to  6  minutes. 

In  the  Jeffrey  electric  cutter,  the  engine  is  replaced  by  an  electric 
motor  and  the  frame  is  8^  ft.  long.  The  motor  occupies  a  space  20  in. 
square.  The  current  required  is  30  to  50  amperes  at  a  pressure  ol 
220  volts.  Each  motor  is  wound  to  develop  15  h.p.,  but  often  onl^ 
requires  7^.  The  armature  is  run  at  1000  rev.  a  minute  and  tlM 
cutter-bar  at  200. 

The  Sergeant  coal-miner,  made  by  the  Ingersoll-Sergeant  Drill  C(k 
possesses  several  distinctive  features.  The  valve  is  operated  bj  i 
very  simple  device,  consisting  of  two  valves  in  the  same  chesty  aaMJ 
entirely  independent  of  the  action  of  the  main  piston.    The  vml'vi 
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motion  is  reliable  and  positive.  Having  no  dead  centres,  it  always 
iitarta  on  turning  on  the  air,  and  has  no  outside  hand  wheels  or 
moying  parts.  By  means  of  this  duplex  slide-valve  system  the 
itioke  is  made  variable  both  in  length  and  strength,  and  the  force 
of  blow  and  length  of  stroke  are  tinder  instant  and  thorough  control 
of  the  operator. 

The  r^alator  is  very  simple,  and  can  be  adjusted  instantly  to 
giTe  a  long  heavy  blow  for  "  blocking  out,"  or  a  quick  light  blow  for 
**  backing  out,"  or  finishing  the  cut. 

An  improved  air  cushion  has  been  substituted  for  the  device 
formerly  used,  consisting  of  a  heavy  sewn  leather  washer,  held  in 
place  by  the  air  pressure  in  a  reservoir,  which  is  connected  by  a  small 
pwsage  with  the  main  air  supply.  This  leather  is  protected  from  the 
blow  of  the  piston  by  a  steel  washer,  and  both  the  washer  and  leather 
are  free  to  move  against  the  elastic  air.  Both  the  outside  and  inside 
circumferences  of  the  air  cushion  are  kept  tight  by  an  improved 
form  of  leather  packing  ring.  The  device  is  very  durable,  and  is 
mexpeusive  to  replace  when  worn  out.  There  is  no  waste  of  air, 
la  none  of  the  air  contained  in  the  reservoir  is  exhausted  or  passed 
through  the  valve.     This  makes  a  most  elastic  and  durable  cushion. 

The  picks  are  of  forged  steel,  with  shanks  made  square  and  of  full 
size  where  they  enter  the  socket,  and,  unlike  the  old  style  of  turned 
thanks,  never  break.  They  are  readily  kept  in  order  by  any  common 
blacksmith,  and  require  no  special  took  for  sharpening. 

Balancing  for  any  duty  is  readily  effected  by  loosening  one  nut 
md  slipping  the  hub  backward  or  forward  in  a  slot  cast  in  the  side 
►f  the  cylinder.  This  obviates  the  necessity  for  hanging  on  cumber- 
ome  weights. 

The  piston  is  made  of  special  forged  steel,  and  is  corrugated  to 
irevent  rooking  or  twisting,  and  unlike  the  square  piston  sometimes 
laed,  does  not  bind  or  cut.  It  is  held  in  place  by  a  composition 
oetal  sleeve  which  is  bolted  into  the  front  head. 

The  wheels  are  provided  with  large  hub  bearings — 4  in.  diam. — 
hich  eases  the  effect  of  the  blow  on  the  operator,  and  obviates  lost 
lotion.  The  movement  backwards  and  forwards  on  the  board  while 
Mining  at  fall  speed — 190-250  double  strokes  per  minute — is  about 
m. ;  no  rachet,  pawls,  or  similar  device  is  required  to  prevent  recoil. 
Wheels  can  be  furnished  of  any  size,  thus  adapting  the  machine  for 
rearing,  entry  driving  or  any  desired  duty. 

Having  but  three  moving  parts,  the  machine  is  exceedin^y 
mple,  durable^  and  economical;  the  makers  guarantee  it  to  mine 
ttJ  at  less  expense  for  fuel,  labour,  and  repairs  than  any  other 
achine. 

Its  small  size,  great  strength,  and  extreme  simplicity  adapt  it  for 
!ar]y  all  kinds  of  bituminous  coal  mining.  It  has  no  gears,  chains, 
itter-bars,  levers,  pulleys  or  other  complicated  attachments  revolving 
tder  the  coal  to  produce  friction  or  consume  power,  and  requires  no 
yc\%  or  jacks  to  hold  it  in  place.  It  is  worked  from  an  inclined 
ard  of  convenient  size,  while  making  an  open  channel  under  the 
d  of  4  or  5  ft.  of  face  and  3-5  ft.  undercut,  as  desired.  The  cut  can 
made   of  any  desired  vertical  height,  8-18  in.  high  on  the  face 
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and  tapering  to  2  in.  at  the  back,  the  same  as  done  by  skilled  manTuJ 
labour.  But  one  man  is  required  to  operate  the  machine,  with  the 
assistance  of  a  common  labourer  to  shovel  away  the  cuttings,  and 
keepan  extra  board  set  in  advance  as  the  work  progresses. 

The  operator  can  swins  the  machine  and  direct  the  blow  with 
one  hand  and  can  work  either  right  or  left  handed.  The  machme 
requires  but  little  space  and  can  be  used  successfully  in  narrow  vdna 
around  and  between  props,  and  wherever  a  miner  can  swing  a  pick. 

Less  air  is  required  to  run  these  machines  than  any  other,  and 
they  will  cut  with  an  air  pressure  of  40-50  lb.,  76-150  lineal  ft  of 
£stce,  4-5  ft.  xuidercut,  the  amount  of  work  done  depending  on  the 
character  of  the  coal  and  the  skill  of  the  operator. 

Following  is  an  estimate  of  the  machinery  necessary  to  run 
5  Sergeant  coal-cutters  by  compressed  air : — 

£  «.  d.  £  «.  d 
1  IngeraoU-Sergeant  standard  class  "  A  "  straight  line  aii- 
oompreesor,  of  piston  inlet  cold  air  pattern,  st^un  cylinder 
16  in.  diam.,  air  16}  in.,  stroke  18  in. ;  complete,  with  im- 
proved water  circnlating  jacketed  cylinder  and  heads,  and 
automatic  and  adjustable  regulator  with  unloading  device 
for  air  and  steam ;  capacity  sufficient  to  run  5  coal-mining 

machines 531    0    0 

1  steel  aur  receiver,  42  in.  diam. ;  height  120  in. ;  furnished 

complete  with  gauges,  safety  valve  and  fittings  35  10    0 

1  70-h.p.  (actual)  horizontal  tubular  boiler,  of  arch  front 
pattern,  with  stack,  frrates,  gauges,  rollers,  brackets,  and 
fittings,  including  injector,  complete  ready  to  fire,  except 

brickwork        175  10    0 

Estimated  cost  of  pipes,  valves,  and  fittings,  to  oonnect  boiler 
with  air-ocnnpressor,  and  air<»mpressor  with  receiver    ..      20    0    0 

Total  net  cost  of  compressor  outfit     762    0    0 

„    weight  „  28,8001b. 

5  Ingersoll-Sergeant  standard  ooal-mining  maohinea,  at 
76/.  each 375    0    0 

80  picks  for  same  at  8Z.  8s.  per  doz.        21    0    0 

5  50-ft.  lengths  of  1-in.  air  hose,  wire-wound,  with  patent 
couplings  attached,  at  6Z.  If.  each      30    5    0 

Total  net  cost  of  coal  mining  outfit 426    5     \ 

„    weight  „  ....  41101b. 


Total  net  cost  of  complete  outfit 1,188    S 

M    weight  „  ..        32,9101b. 


Cleaning. — With  the  increasing  scarcity  of  good  coal,  it  has 
necessary  for  colliery  owners  and  managers  to  pay  more  attention 
improvements  in  and  labour-saving  appliances  for  the  treatment  of  ^i 
coal  when  above  ground,  in  order  to  enable  them  to  profitably 
seams  of  dirty  coal,  avoiding  at  the  same  time  all  waste.  On  1 
other  hand  the  question  of  having  as  clean  a  coal  as  possible  far  ^ 
production  of  coke,  and  clean  small  coal,  such  as  nuts,  for  steam  p 
poses,  demands  no  small  attention,  as  buyers  pay  a  higher  prios 
coal  free  from  impurities.  Coal-washing  therefore  becomes  m  iiiiijlljj 
being  the  only  meaus  by  which  dirt  can  be  effectively  removed.      _J 

Moreover,  in  the  case  of  anthracite,  the  coal  as  it  oomes  from.  A| 
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mine  is  hardlj  marketable.  Being  very  compact  and  practically  free 
bom  Tolatile  oombostible  matter,  it  bums  only  at  the  surface ;  it  is, 
therefore,  deemed  important  to  have  the  lumps  as  nearly  of  a  uniform 
size  as  possible,  so  that  between  them  a  large  amount  of  surface  will 
remain  exposed  to  the  action  of  the  air  without  checking  the  draught 
too  much,  or  allowing  enough  air  to  pass  to  cool  the  coal  below  the 
iffnition-point.  In  other  words,  if  the  pieces  of  coal  of  the  size  of  a 
cneetnot  and  smaller  are  mixed  with  lumps  of  the  size  of  an  egg,  they 
fill  the  air-passages  and  prevent  a  free  draught.  Therefore,  one  of 
the  most  important  points  in  preparation  is  to  have  uniform  sizing, 
and  to  make  as  large  a  number  of  different  sizes  as  can  be  produced 
without  too  great  expense.  It  is  also  essential  to  remove  all  dust,  which 
is  of  little  or  no  use  at  present,  and  depreciates  the  value  of  the  coal. 

Mixed  with  pure  coal,  occur  varying  quantities  of  slate,  "slate- 
coal,''  and  ^  bony  coaL"  The  term  *'  slate-coal "  designates  lumps  com- 
fKsed  partly  of  coal  and  partly  of  slate,  in  which  the  pure  coal  occurs 
m  such  large  masses  that,  by  re-breaking,  pieces  of  pure  coal  of  market- 
able size  can  be  obtained  economically ;  and  *'  bony  coal "  designates 
hmips  in  which  the  coal  and  slate  are  so  interstratified  that  they  can- 
not be  separated  economically  by  mechanical  preparation,  or  in  which 
the  impurities  form  such  high  percentages  that  the  coal  cannot  be 
Kxmomically  rendered  more  pure  by  mechanical  preparation,  although 
it  mar  be  used  for  certain  purposes  in  its  crude  condition. 

The  problem  is,  to  remove  the  impurities  as  completely  as  possible. 
Of  course,  when  slate  occurs  in  separate  pieces,  it  should  be  eliminated 
without  further  breaking.  But  slate-coal  must  be  broken  into  smaller 
|»eoes  to  separate  the  slaty  portions  from  the  coal.  It  is  generally 
nnpoesible  to  sell  all  the  larger  lumps  as  mined,  and  machinery  must 
be  provided  for  breaking  them  up.  As  the  coal  comes  from  the  mines 
it  should  be  divided  into  various  sizes,  and  the  free  slate  in  each  size 
ihould  be  at  once  removed,  either  by  hand  or  by  mechanical  means. 
In  the  first  case,  the  coal  is  passed  along  shutes,  at  the  sides  of  which 
itand  men  and  boys  who  pick  out  the  slate,  and  in  some  cases  the  bony 
■nd  slate-coal,  and  allow  the  pure  coal  to  pass  into  the  pockets. 
Kechanical  slating  of  coal  depends  upon  one  or  more  of  three  physical 
duracteristics  of  the  coal  and  slate :  the  difference  in  their  specific 
xnvity ;  the  difference  of  the  forms  in  which  they  break ;  and  the 
ufference  of  their  angle  of  friction,  or,  in  other  words,  the  difference 
b  the  angle  of  a  shute,  lined  with  stone  or  iron,  down  which  the  coal 
or  ^te  wiU  slide  without  any  increase  of  velocity.  As  a  rule,  slate 
trill  not  slide  down  a  shute  which  will  carry  coal. 

Machinery  for  sizing  coal  may  be  divided  into  two  classes — ^bar 
gratings  and  screens,  the  former  having  openings  much  longer  than 
they  are  wide,  while  the  latter  have  them  practically  of  uniform 
liameter.  Gratings  may  in  some  special  cases  be  employed  to  remove 
fast  or  very  fine  coal,  or  when  only  partial  sizing  is  necessary,  or  for 
krge  coal,  because  long  flat  pieces  can  fall  through  with  cubical  pieces 
of  mudi  smaller  dimensions. 

In  using  the  old  form  of  continuous  bar  gratings,  part  t>f  the  dirt 
and  fine  cual  is  often  carried  over  the  bar,  and  is  delivered  in  the 
diute  at  the  lower  end  instead  of  falling  through ;  and  as  the  spaces 
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between  the  bars  are  parallel  and  closed  at  the  lower  end,  long  pieces 
often  wedge  and  catch,  particnlarlj  at  the  bottom,  thus  necessitating 
frequent  cleaning. 

Movable  or  oscillating  bars  are  shorter  and  much  flatter  than  the 
fixed  bar  of  the  same  cleaning  capacity.  They  act  as  a  regulator  or 
feeder  for  the  breaker,  the  amount  of  coal  passing  over  them  per 
minute  being  constant,  if  the  supply  is  sufficient  and  the  number  of 
revolutions  remains  the  same ;  while,  by  regulating  the  speed  of  the 
driving  shaft,  the  quantity  can  be  varied  at  will,  within  certain 
limits.  They  allow  the  men  upon  the  platform  to  get  much  nearer 
their  work  without  danger.  With  ordinary  fixed  bars,  the  pitch 
must  be  sufficient  to  allow  the  coal  to  slide  down  freely.  This  it 
often  does,  with  ereat  velocity,  so  that  the  men  must  remain  on  the 
side.  When  osciUating  bars  are  used,  the  coal  can  be  fed  upon  their 
upper  end,  from  which  it  is  gently  carried  to  the  platform,  allowing 
the  men  to  stand  safely  in  front  of  the  bars  instead  of  on  the  sides, 
and  bringing  the  coal  cleaner  and  with  less  small  stuff  to  the 
platform,  thus  permitting  a  better  separation. 

Screens  proper  may  be  either  fixed  or  movable.  The  former 
consists  simply  of  an  inclined  plane,  formed  either  of  woven  wire 
screens,  or  punched  or  cast  plates  with  round,  square,  elliptical,  &c^ 
holes.  The  coal  is  allowed  to  slide  or  roll  by  gravity,  not  too  rapidly, 
down  the  plane;  the  larger  pieces  pass  over  and  the  smaller  fall 
through.  By  placing  several  screens  with  openings  of  decreasing 
size  underneath  one  another,  or  a  series  with  openings  of  increasing 
size,  in  the  same  shute  below  one  another,  any  desired  number  of 
sizes  can  be  made.  The  objection  to  these  is  that  their  capacity  is 
limited,  the  sizing  is  imperfect,  and  the  screens  clog  more  or  less. 

Movable  screens  are  of  two  types.  In  the  first  type  the  screening 
surface  forms  a  cylinder  and  revolves  about  its  axis.  This  form  of 
screen  has  been  often  described,  and  is  used  in  almost  all  the 
anthracite  collieries.  In  the  other  type  the  screening  surface  ifl 
approximately  horizontal,  and  the  motion  and  action  are  very  simihi 
to  those  of  an  ordinary  hand-sieve.  In  many  cases  the  screen  o 
moved  backward  and  forward  in  an  approximately  horizontal  plane 
This  motion,  combined  with  the  inclination  of  the  sieve,  causes  thi 
coal  which  is  fed  on  the  higher  part  of  the  screen  to  travel  graduall] 
acTOBS  it,  allowing  the  smaller  particles  to  fall  through.  This  fom 
has  in  many  cases  been  adopted  for  small  coals,  and  has  lonfr  beei 
used  in  metal  mining.  In  other  cases  the  approximately  borizonti 
screen  receives  a  gyratory  motion,  like  the  motion  a  moulder  gives  t 
his  sieve  when  screening  his  sand.  Its  great  advantage  is  that  th 
whole  surface  of  the  screen  is  constantly  in  action,  while,  in  tb 
revolving  screen  of  say  6  ft.  diam.,  only  about  8  in.  of  the  16  f 
circumference  is  at  any  one  time  in  action,  unless  the  screen  i 
overcrowded,  and  the  revolving  of  the  screen  acts  like  an  elevate 
and  tends  to  throw  the  coal  back  into  the  screen. 

The  problem  in  constructing  a  gyrating  screen,  when  the  Bore« 
is  to  be  large  and  must  make  a  great  number  of  sizes,  is  to  support : 
in  such  a  manner  that  it  will  gyrate  easily  and  safely,  and  at  tl 
same  time  that  it  will  be  self-contained,  so  that  the  centrifugal  fon 
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will  be  oounterbalanoed  and  will  not  shake  the  building.  A 
saooessfiil  method  conBists  eesentially  in  supporting  one  horizontal 
plane  upon  another  by  means  of  three  or  more  double  cones,  while 
the  motion  of  syration  is  given  to  the  upper  plate  by  a  orank  upon  a 
ihaft  passing  trough  and  joumalled  in  the  lower  plates. 

The  screening  surfaces  have  always  circular  holes,  varying  from 
5^  to  ^  in.  diam.  Cast  iron  is  sometimes  used  when  the  holes  are 
bu^  but  punched  steel  is  preferred,  being  much  lighter.  Copper  is 
used  for  snudl  sizes  when  the  water  is  very  acid. 

For  breaking  coal  two  methods  are  used.  When  the  lumps  are 
large  and  the  pieces  of  slate  attached  to  them  are  of  such  a  character 
IS  to  render  it  economical,  the  larger  lumps  are  broken  by  hand,  the 
men  using  picks  made  for  that  purpose.  In  this  way  large  pieces  of 
pure  coal  or  pure  slate  can  often  be  obtained ;  but  by  far  the  larger 
portion  of  the  breaking  is  done  bv  corrugated  rolls. 

The  principle  upon  which  rolls  act  may  be  explained  as  follows. 
[o  the  operation  of  rolls  as  ordinarily  constructed,  i.e.  with  pointed 
^th,  the  point  of  one  of  the  teeth  inserts  itself  into  a  lump  of  coal 
nasing  through,  and  breaks  it  much  as  the  stroke  of  a  pick  would 
lo;  that  is,  the  lines  of  fracture  radiate  approximately  from  the 
>oiDt  where  the  tooth  strikes  the  lump  of  coal.  If  two  pieces  of 
ound  iron  are  placed  parallel  to  one  another,  and  at  such  a  distance 
rart  that  a  piece  of  coal  will  just  be  supported  by  them,  and  if  a 
oird  piece  of  round  iron,  placed  midway  between  and  in  a  direction 
wallel  to  and  above  the  other  two,  is  then  brought  down  upon  the 
oal,  the  piece  of  coal  will  break  near  the  middle  like  a  piece  of  wood 
ubjected  to  a  load  in  the  middle  too  great  for  it  to  bear.  The  result 
f  this  action  is  generally  to  break  the  lump  into  two  pieces  of  nearly 
be  same  size.  This  is  the  result  sought  to  be  attained  with  the 
ormgated  rolls,  and  it  is  for  this  reason  that  the  plan  of  breaking 
rom  one  size  as  far  as  possible  into  the  next  size  oelow,  has  been 
dopted,  ujBing  separate  rolls  each  time.  Experiment  has  taught 
bat,  although  all  sizes  below  the  size  which  is  being  broken  are 
Iways  made,  yet  the  most  economical  method  is  to  break  any  size  as 
bc^ly  as  possible  into  the  size  immediately  below  it,  of  course  at 
adi  time  eliminating  all  the  coal  below  the  size  that  you  wish  to 
reak,  before  passing  that  size  through  the  rolls.  If  a  piece  of  any 
Lze  is  simply  broken  as  nearly  as  possible  in  two,  for  the  next  size, 
to  amount  of  small  coal  made  is  very  much  less  than  if  the  same 
ieoe  were  struck  near  the  centre  with  a  pick  and  broken  into  a 
amber  of  fragments.  The  old  practice,  which  has  not  entirely 
laappeared,  was  to  arrange  the  rolls  in  such  a  manner  that  putting 
kem  farther  apart  or  closer  together  would  increase  or  decrease  the 
nantity  of  the  lar^r  sizes  of  coal.  But  where  arrangements  are 
lade  to  break  the  sizes  successively  this  is  not  necessary. 

Fot"  slate  picking  usually  the  ooal  coming  from  the  bcreens  passes 
arwn  a  simple  rirate  or  trough,  and  the  men  or  boys  are  placed 
itber  above  or  alongside  of  it,  picking  out  the  slate  as  tiie  coal  passes 
f  *  There  are  three  objections  to  this : — (a)  When  a  laree  quantity 
r  ooal  18  passing,  the  men  can  really  only  pick  out  the  siftte  on  top, 
[Vcli  slate  being  hidden.     (6)  One  and  the  same  piece  of  coal,  having 

Digitized  by  VjOOQIC 


204  ECONOMIC  MINING. 


n 


a  slaty  appearance,  may  be  picked  up  by  each  slate-picker,  in  sneoes- 
sion  and  returned  to  the  shute,  thus  wasting  labour,  (c)  The  work 
done  by  each  picker  cannot  be  judged. 

For  these  reasons,  a  different  type  of  picking  shute  has  been 
adopted,  consisting  essentially  (1)  of  a  supply  shute  which  reodve* 
the  slaty  coal ;  (2)  of  intermediate  shutes  where  the  picking  is  done ; 
and  (3)  of  delivery-shutes  which  carry  off  the  coal  picked  over.  The 
coal  from  the  screen  or  jig  slides  down  the  supply-shute,  on  each  sid» 
of  which  the  intermediates  are  placed,  as  close  to  each  other  ai 
possible,  there  being  room  enough  between  each  two  picking-shut* 
for  a  man  or  boy.  At  the  other  end  of  the  intermediate  is  ^ 
deliverynshute.  The  supply  and  delivery-shutes  have  the  eaitf 
inclination,  but  the  former  is  a  little  the  higher,  so  as  to  give  a  sligU 
inclination  to  the  intermediate,  the  axis  of  which  is  placed  at  H 
angle  of  about  8°  to  10**  with  the  horizontal,  and  25°  to  28°  with  tin 
supply-shute.  The  slate-picker,  who  sits  with  his  face  towards  th 
upper  end  of  the  shute,  causes  a  thin  stream  of  coal  to  pass  in  iron 
of  him,  cleaning  it  thoroughly  as  it  passes.  The  same  coal  is  handle 
by  one  man  only,  with  this  exception,  that  one  or  two  men  are  place 
at  the  end  of  the  delivery- shute  to  inspect  the  coal,  and  take  out  ai 
pieces  of  slate  which  may  have  escaped  the  regular  pickox 
Immediately  over  the  supply-shute,  and  supported  on  iron  rods, 
the  half-round  slate-shute,  into  which  the  pickers  throw  their  slati 
slate-coal,  &c.  This  continues  to  the  bottom,  where  it  is  examinei 
and  the  slate-coal  is  picked  out  and  taken  to  the  rolls  to  be  broksi 
up  and  prepared.  ,' 

The  jigs  used  for  the  larger  coal  consist  essentially  of  a  woodi 
box,  lined  with  iron  plates  where  the  plunger  works,  and  where  i 
coal  is  put.  In  order  to  guide  the  water  from  the  plunger  to  the  j 
a  semicircular  row  of  planks  is  put  in.  The  coal,  rising  to  the  to 
is  skimmed  off  by  a  series  of  flat  strips  of  iron,  carried  on  two  t 
of  link-belt  chain.  As  the  coal  is  scraped  up  the  inclined  plane, 
water  drains  back.  At  the  top  of  this  inclined  plane  is  a  small  fl 
covered  with  iron,  which  is  nearly  hoiizontal,  but  inclines  alight 
towards  the  jig.  The  coal  forms  here  a  pile,  and  the  water  dral 
from  it  back  to  the  ji^.  As  each  successive  quantity  of  ooal 
brought  up  by  the  flights  on  the  chain  it  pushes  a  correspond! 
quantity,  which  has  been  drained,  off  the  other  side  down  the  shfl 
where  it  goes  either  to  the  picking-shutes  to  be  picked,  or  directly- 
the  pocket,  if  it  is  (as  in  the  case  of  the  small  sizes)  already  cU 
enough.  The  opening  through  which  the  slate  passes,  is  regulated' 
elevating  or  depressing  the  plate  so  as  to  allow  the  largest  pieo« 
slate  to  pass  under  it 

Automatic  slate-pickers  depend  upon  the  fact  that  -while 
generally  breaks  into  cubical  masses,  pieces  of  slate  of  the  8 
length  and  width  are  of  very  much  less  thickness.  Henoe,  < 
quantity  of  slate  and  coal  which  has  been  passed  through  a  screen 
properly  sized,  the  slate,  if  placed  edge¥ase,  will  drop  through  a 
over  which  the  coal  will  pass.  There  are  two  types  of  automatic  d 
pickers,  one  intended  to  be  placed  in  a  shute  and  to  be  fixed,  and 
other  to  be  plaoed  in  the  discharge  b'p  of  a  gyrating  screen  and 
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The  fixed  slate-picker  is  of  iron  cast  in  one  piece,  and  oonsists 
asaenti&lly  of  a  series  of  V-tronghs,  one  side  of  the  V  being  shorter 
ind  at  right  angles  to  the  other.  The  lower  half  of  the  casting  has  a 
taper  slit  in  the  short  side,  so  arranged  that  anything  lying  on  the 
Long  side  of  the  trough  and  of  not  too  great  height  can  slide  out 
Lhrongh  it.  Any  lump  which  is  thicker  than  the  height  of  the  slit 
prill  of  course  be  retained  in  the  trough.  The  slits  widen  as  they 
approach  the  lower  end.  The  apparatus  is  placed  in  an  ordinaiy 
trough  or  shute  down  which  the  coal  slides,  receiving  pitch  enough 
fco  allow  the  coal  to  slide  over  freely,  but  with  not  too  great  velocity. 
\b  the  coal  and  slate  come  down  the  shutes,  each  lump  places  itself 
in  one  or  other  of  the  grooves  or  troughs,  which  are  made  a  little 
wider  than  the  largest  lump  of  the  size  for  which  the  slate-picker  is 
to  be  employed.  As  the  lumps  slide  down,  all  the  flatter  pieces  tend 
to  paas  oat  through  the  slit  on  the  side,  while  the  cubical  lumps  go 
[>ver.  Should  a  piece  catch  in  the  slit  in  consequence  of  the  increase 
in  height  towards  the  end,  some  one  of  the  pieces  which  follow  will 
genendly  knock  it  loose,  so  that  it  does  not  remain  and  block  the 
slits.  This  is  an  important  point.  The  slits  if  made  parallel  would 
loon  clog.  The  flat  pieces,  which  are  mostly  slate,  and  which  fall 
throngh  the  taper  slit,  pass  over  a  shute  or  picking-table,  where  they 
ftre  examined  by  a  boy,  who  takes  out  any  flat  coal  that  may  have 
uume  through  with  the  slate. 

In  the  gyrating  slate-picker  the  upper  part  is  done  away  with, 
uid  only  the  part  with  the  slit  is  used.  This  is  placed  on  the 
liJHcharge-sbnte  attached  to  the  gyrating  screen,  so  arranged  that  the 
gyrating  motion  of  the  screen  h£M  a  tendency  to  throw  the  coal  and 
Mate  against  the  short  high  side.  In  this  way  the  latter  is  thrown 
Dut  and  passes  to  a  jig  or  picking-table. 

A  method  of  mechanically  removing  slate  used  in  Wyoming 
Donflists  essentially  of  an  inclined  plane,  down  which  the  lumps  of 
Doal  and  slate  are  allowed  to  slide  freely.  The  plane  may  be  covered 
irith  iron,  stone,  or  slate.  The  angle  is  such  that  the  slate  will  slide 
io^n  uniformly  while  the  velocity  of  the  coal  increases.  There  is  a 
gap  at  the  end  of  the  inclined  plane,  over  which  the  coal  jumps  by 
firtue  of  the  greater  velocity  acquired  in  sliding  down  the  plane, 
•rhiltt  the  slate,  moving  slowly,  drops  into  it.  There  are  a  number 
A  devices  for  changing  the  pitch  of  the  shute,  the  form  of  the 
>p^fting,  <fec. 

A  recent  report  by  the  Mining  Institute  of  Scotland  concludes  by 

winting  out  that  the   methods  and  appliances  in  use  in  any  one 

lic^rict   can   seldum  be  adopted  as  a  whole  in  a  similar  form  in 

pother.     This  applies  in  many  instances  to  collieries  in  the  same 

»t2ict,  and  even  to  dififerent  seams  worked  by  the  same  shaft.     The 

tore  of  the  coal,  the  associated  and  interbedded  strata,  the  skill, 

BtomSy  and  prejudices  of  workmen,  the  markets  to  be  supplied,  the 

jying  requirements  of  competition,  and  the  caprice  of  the  public, 

,ve  all  to  be  taken  into  account  when  designing  plant  for  classifying 

A  deaoing  coaL 

While  coal  with  marked  characteristics  can  with  care  be  selected 
idergronnd  so  as  to  be  filled  separately,  no  process  can  be  profitably 
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applied  UDdergronnd  for  effeotaally  remoying  refuse,  especially  the 
smaller  particles.  To  dean  coal  properly,  it  must  be  treated  on  the 
surface. 

As  a  considerable  percentage  of  droRs  is  made  in  transit  from  the 
cage  to  the  railway  wagon,  it  is  evident  that  the  best  resnlts  are 
got  where  attention  is  paid  to  the  form  of  hntch  and  tumbler,  the 
inclination  of  screens,  and  the  drop  into  wagons;  and  this  is 
specially  important  in  the  case  of  soft  coals.  The  careful  hand- 
packing  of  large  coal  into  the  wagons,  as  practised  in  the  Nottingham 
district,  has  advantages. 

For  effective  screening,  especially  when  a  large  output  has  to  be 
dealt  with,  there  appears  to  be  no  better  contrivance  than  the  aingk 
or  double  jigger,  or  shaking  screen,  going  at  90-100  strokes  p^ 
minute,  and  having  an  inclination  suited  to  the  class  of  coal  to  be 
dealt  with.  There  is  a  preference  for  wire-meshing  for  such 
screens  at  some  collieries,  and  at  others  bars  or  perforated  platea 
are  preferred. 

For  picking,  the  shaking  screen  just  referred  to,  or  the  travelling 
band,  or  both  combined,  is  the  most  effective  and  economical — the 
band  being  about  4  ft.  wide,  40-60  ft.  long,  and  moving  at  a  speed 
of  80-60  ft.  per  minute,  according  to  the  quantity  of  coal  to  be  passed 
Ample  length  of  band  allows  large  coal  to  be  sized  and  loaded  into 
separate  wagons  by  hand  with  despatch  and  economy. 

In  every  case  it  is  necessary  that  the  coal  be  delivered  regularly 
from  the  tip  hopper  to  the  jigger  or  travelling  band.     This  can  be 
accomplished    by  regulating  sluices  worked  by  an    attendant   of 
automatically  by  the  intervention  of  a  slow-motion  band. 
Good  light  is  essential  to  efficient  picking. 

A  rough  rule  for  deciding  l^e  number  and  length  of  pi<ddng 
tables  may  be  stated  as  follows: — One  picking  table  for  every  dd 
tons  per  hour  of  triping  output,  travelling  at  uie  rate  of  40  ft  pei 
minute,  and  having  a  length  of  10  ft.  for  every  3  per  cent,  of  matend 
to  be  picked  off,  plus  15  ft. 

The  cost  for  htbour  of  this  system  may  be  taken  at  about  l^«L-2i 
per  ton  of  round  coal  for  every  5  per  cent,  of  material  picked  out  o 
that  coal. 

For  round  coal,  say  above  1^  in.  cube,  the  dry  process  is  universaU] 
employed,  and  this  process  can  be  successfully  applied  to  nuts  iron 
say  I  in.  upwards,  where  the  refose  does  not  exceed  2-3,  or  even  4  pe 
cent. ;  and  the  table  capacity  required,  judging  from  the  examples  ii 
the  report,  is  about  one  table  for  every  20  tons  per  hour,  travelling  a 
the  rate  of  30  ft.  per  minute,  and  having  an  effective  length  of  15  fi 
for  every  1^  per  cent,  of  material  picked  off.  The  cost  for  laboa 
will  probably  be  }d.-l^.  for  every  1  per  cent,  picked  off.  BcJan<» 
screens,  on  which  the  coal  is  picked,  are  available  only  when  tfa 
amount  of  material  to  be  picked  off  is  very  small,  say  1-1^  per  cent 
For  all  small  under  f  in.,  and  for  dross  from  1^  in.  downwainda^  witi 
more  refuse  than  2-4  per  cent.,  the  wet  process  is  most  applicable. 

In  the  wet  process  it  is  desirable  to  have  the  arrangement  bo  tha 
the  small  coal  can  be  delivered  direct  from  the  screens  into  A 
washing  tanks  without  the  intervention  of  wagons.      In    all  ti 
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systems  of  washing,  the  best  fesults  are  obtained  by  sizing  the  small 
ooal  before  it  reaches  the  machine.  This  can  most  conveniently  be 
done  by  passing  it  through  revolving  screens  with  meshes  of  varying 
size.  The  snpply  and  degree  of  pulsation  or  agitation  of  the  water 
require  careful  adjustment  to  suit  the  various  sizes  of  ooal  to  be  treated, 
and  the  relative  specific  gravity  of  coal  and  impurities. 

To  remove  the  refuse  from  the  smaller  sizes,  say  under  f  in.,  the 
felspar  washer  is  the  most  effective.  The  felspar  system  is  the  most 
valuable  where  the  ooal  is  crushed  before  washing  and  is  to  be  used 
for  ooke-making. 

Where  the  coal  and  the  refuse  approach  one  another  in  specific 
gravity,  it  appears  that  in  some  cases  the  trough  washer  gives  the 
best  results.  It  is  applicable  for  small  quantities  only,  and  requires  a 
large  flow  of  water  and  extra  labour,  but  it  has  the  recommendation 
of  simplicity  and  small  capital  cost.  It  may  also  be  sometimes  utilised 
as  a  means  of  transport  where  the  distance  from  the  pit  to  the  wagons 
or  coke  ovens  is  considerable. 

The  Bobinson  washer  is  cheap  as  regards  first  cost  and  upkeep, 
and  requires  little  water.  It  largelv  depends  for  its  efficiency  on  the 
attention  and  skill  of  the  man  in  cnarge,  who  may  often  be  tempted 
to  pass  more  through  it  than  it  can  effectually  clean. 

Speaking  generally,  more  elaborate  machinery  is  effective  in  avoid- 
ing waste  in  proportion  to  its  cost ;  but  the  capital  charges  and  upkeep 
ire  alao  high  in  proportion. 

Other  things  being  equal,  ooal  will  be  washed  best  with  an 
ibondant  supply  of  clean  water ;  but  the  more  water  used,  the  greater 
:he  risk  of  fine  coal  being  lost,  and  the  greater  the  difficulty  of  filtra- 
ion.  Water  to  wash  coal  for  coking  shoidd  not  be  often  used  over 
igain,  as  dirty  water  dulls  the  coke. 

The  particulars  furnished  as  to  settling  ponds  do  not  give  sufficient 
lata  to  justify  any  definite^ conclusion  as  to  their  capacity  in  relation 
o  the  quantity  of  coal  washed.  In  most  cases  no  record  was  kept  of 
iie  quantity  of  water  used ;  but  settling  ponds  are  a  necessity,  and 
Jxeir  capacity  will  depend  on  the  special  circumstances  of  each  case. 

There  seems  no  better  way  of  filtering  the  foul  water,  after  it  has 
I'AfiBed  through  the  settling  ponds,  than  pumping  it  on  to  the  rubbish 
leap,  and  allowing  it  to  percolate  through. 

The  washed  gum  of  coal  not  suited  for  coking  is  meantime  used 
Lmost  entirely  for  firing  cx>lliery  boilers.  Briquettes  are  made  of  it 
a  a  small  extent,  but  new  outlets  are  required  for  this  product. 

The  large  quantity  to  be  treated  daily,  and  the  varviug  nature 
od  proportions  of  the  coal  and  dirt  to  be  separated,  render  washing, 
%  most  collieries,  a  troublesome  process ;  and  unqualified  satisfaction 
\  seldom  expressed  as  regards  any  machine  in  use.  In  some  cases 
be  machine  may  not  be  quite  adapted  to  the  peculiarities  of  the  coal 
neated,  or  it  may  be  over-driven,  or  not  have  a  sufficiency  of  water, 
r  be  allowed  to  get  out  of  repair,  all  or  any  of  these  causes  leading 
>  disappointment  as  to  results. 

An  example  of  a  coal-breaker  is  shown  in  Fig.  83.  It  is  made  by 
30  Humboldt  Engineeriug  Works,  at  Kalk,  near  Cologne,  and  is 
ptecially  suitable  for  breaking  hard  coal  or  anthracite,  and  coke,  and 
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has  the  advantage  that  it  makes  very  little  small  coal  and  dust,  or 
nuts  larger  than  required.  These  advantages  are  obtained  firstly  by 
splitting  the  coal  by  means  of  pointed  pins,  instead  of  crushing  it  m 
usual  between  rollers  or  jaws,  thus  naturally  causing  much  less  dust 
and  slack.  The  process  of  breaking  is  further  prevented  from  going 
too  far  by  an  arrangement  of  screens,  which  separates  the  nuts  which ! 
have  attained  the  size  required  in  the  first  division,  and  prevents  them 
entering  the  following  divisions,  and  so  on,  thus  avoiding  all  nn-j 
necessary  breaking.  The  capacity  of  the  machine  is  also  considerably 
increased,  as  the  lower  divisions  have  comparatively  light  work  to  da 
All  unnecessary  breaking  of  the  finished  nuts  by  intermediate  appa- 
ratus and  repeated  tipping  is  avoided,  as  the  machine  delivers  the 
finished  product  after  the  material  has  passed  through  onoe.  It 
requires  very  little  headroom  for  tipping  and  small  floor-space.    All 


Fig.  83. — Humboldt  Coal-Breaker. 

parts  are  easily  attainable  and  renewable.  The  pins  are  made  of  th 
best  tool  steel,  and  last  4  to  5  months  without  being  repointed.  Tl 
moving  parts  are  well  protected  from  the  dust.  Usually  the« 
machines  have  two  divisions  for  a  capacity  of  15  tons  of  ooal  pc 
hour,  and  deliver  according  to  the  quality  of  the  material : — No- 
nuts  (3  in.  to  2  in.  or  80  to  50  mm.),  4  to  6  per  cent. ;  No.  2  nuts  (2  ii 
to  J  in.  or  50  to  20  mm.),  60  to  70  per  cent. ;  fine  coal  ('under  }  in.  < 
20  mm.),  25  to  30  per  cent. 

As  shown  in  Fig.  83,  this  machine  consists  mainly  of  two  stnn 
cast-iron  side  frames,  with  two  or  more  breaking  divisions,  which  m3 
penetrated  by  the  pins  fastened  on  the  oscillating  arms,  at  eac 
inward  stroke  of  the  latter.  The  swinging  arms  are  driven  bv  mew 
of  connecting  rods  from  crank-pins  on  the  bosses  of  the  fly-wbeelB  < 
both  sides  of  the  machine,  and  the  latter  are  turned  on  the  face 
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serve  as  driving  pnlleys.  Between  the  frames  are  the  riddles  or 
shaking  soreens,  driven  by  excentrics  on  the  flv- wheel  shaft. 

So  long  ago  as  1870  dry  cleaning  of  small  ooal  was  saooessfally 
accomplished  by  Hochstrate  in  Qermany,  the  object  sought  being  the 
production  of  **  Kndrpel "  coal  free  from  dust.  The  different  sizes  of 
ooal  firom  sieves  were  made  to  fall  on  an  iron  plate  lying  at  an  angle 
of  60*"  in  such  a  way  that  a  current  of  air  blown  up  the  plate  would 
carry  off  the  coal  dust  into  chambers,  while  tiie  heavy  **  Kndrpel "  coal 
fell  down  the  plate  with  tho  heavy  pieces  of  slate,  and  passed  to  a 
jigger  for  separation.  By  this  method  loss  of  fine  ooal  was  prevented 
(amounting  to  8  per  cent,  by  wet  concentration),  and  the  fine  dust  for 
coking  was  delivered  to  the  ovens  dry.  The  economy  effected 
amounted  to  162.  10«.  a  day  on  a  daily  treatment  of  470  tons,  without 
reckoning  the  prolonged  life  of  the  coke  ovens. 

Figs.  84,  85,  illustrate  one  of  the  most  recent  and  improved  coal- 
washing  plants  erected  in  this  country  by  the  Humboldt  Engineering 
Works,  of  Ealk,  Germany,  for  the  Fowell-Dufiryn  Steam  Coal  Cb., 
near  Aberdare,  S.  Wales,  in  which  some  special  difificulties  had  to  be 
overcome. 

This  washery  is  intended  to  wash  provisionally  350  tons,  and  later 
500  tons,  of  nuts  and  small  coal,  including  dust,  per  day  of  9  hours* 
and  to  reduce  the  whole  or  only  part  to  the  necessary  size  for  making 
first-class  coke.  The  above  mentioned  quantity  of  ooal  consists  of  the 
mneenings  from  ordinary  bar  screens  with  \\  in.  spaces,  on  which  the 
pit  ooal  18  screened,  in  previously  erected  screening  plant  as  found  at 
most  collieries. 

The  screenings  are  brought  in  railway  wagons  to  a  self-acting 
end-tippler,  and  tipped  on  the  shoots,  of  wnich  one  is  for  bituminous 
and  the  other  for  steam  coal.  By  means  of  sliding  shutters  these 
coals  are  mixed  in  fixed  proportions  in  the  boot  of  an  elevator,  and 
lifted  by  the  latter  to  the  large  revolving  screen  0.  In  case  coals 
fibould  at  some  future  period  arrive  on  the  lower  line  of  rails,  on  the 
oppoflite  side  of  the  building,  a  second  elevator  has  been  projected  for 
a  similar  purpose. 

The  revolving  screen  C  consists  of  4  concentric  cylinders  with 
perforations  of  various  sizes  and  pecaliarly  shaped  spiral  divisions 
between  the  screens,  which  cause  the  screen  to  completely  empty 
its^  at  each  revolution,  and  thus  avoids  all  unnecessary  breakage  of 
the  nut  coals. 

The  revolving  screen  delivers  4  sizes  of  nuts  and  pea  nuts,  besides 
the  small  coal  and  dust.  The  nuts  are  washed  in  the  nut  washers  D, 
uid  the  small  coal  in  the  fine  washers  E. 

These  latter  have  felspar  beds  on  the  sieves,  and  the  pistons  are 
worked,  as  well  as  in  the  nut  washers,  by  means  of  a  oifferentiiJ 
ijBtem  of  levers,  used  in  all  the  Humboldt  washers  and  ore  jiggers, 
vrhidb  causes  a  quick  down-stroke  and  a  slow  up-stroke  of  the  pistons, 
uiftd  which  has  been  found  specially  efi&cient  in  practice. 

The  bodies  of  the  washers,  or  bashes,  are  made  of  cast  iron,  to 
ribiain  the  greatest  possible  durability ;  and  the  washers  are  strongly 
Doade  in  all  parts. 

The  two  larger  sizes  of  nuts  are  conveyed  in  shoots  to  the  screens, 
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and  tlien  fall  into  the  boot  of  an  elevator,  which  lifts  them  to  storage 
bunkers,  where  they  can  dry  further,  and  whence  they  are  let  off  by 
means  of  special  loading  arrangements  into  railway  wagons,  to  be 
sold  according  to  the  requirements  of  the  market.  In  the  majority  of 
cases  it  is  possible  to  convey  the  coals  away  from  the  washery  on  a 
line  of  rails  at  a  lower  level,  in  which  case  the  nut  coals  fall  by  gravity 
from  the  washers  direct  to  the  storage  bunkers,  and  the  elevator  is 


Fig.  84. — Powell-Duffbyn  Coal  Washer  v. 

not  required.    In  the  case  in  question  the  locality  would  not  allow  of 
this  arrangement. 

If  the  nut  coals  are  required  for  coking  purposes,  they  are  con- 
veyed with  the  coals  from  the  other  washers  to  the  elevator  J,  which 
lifts  them  to  a  creeper  to  be  distributed  in  the  drying  towers  or 
bunkers.  From  these  the  coal  is  conveyed  by  means  of  a  creeper  t*. 
the  boot  of  the  elevator  0,  which  lifts  them  to  the  disintegrators 
N,  whence  they  are  dibtributed  by  means  of  a  creeper  to  the  sturag*' 
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bonkera  for  coking  coal  Q.  These  have  an  arrangement  for  letting 
off  the  ooal  as  required  into  hopper  wagons,  in  which  it  is  con- 
veyed to  the  Collin's  coke  ovens.  A  start  was  made  with  50  of  these 
ovens ;  this  number  will  be  increased  to  80,  for  which  the  washery  is 
amply  large. 

The  shales  or  stones  from  the  washers  are  lifted  by  means  of  the 
elevators  B  to  a  bin,  from  which  they  are  run  in  small  tip- wagons  to 
the  waste  heap. 


FlO.   85.— POWELL-DUFFRYN   COAL   WaSHERT. 

No  loss  of  water,  except  through  evaporation,  takes  place;  the 
washing  water  is  allowed  to  clarify  itself  in  the  settling  pits  W,  and 
is  pumped  back  to  the  washers  by  a  centrifugal  pump.  There  is  no 
stream  of  dirty  water  running  away  from  the  washery  to  pollute  the 
neighbouring  watercourses,  and  no  settling  tanks  besides  those  shown 
are  required.  All  the  slimes  are  separated  from  the  water  and  mixed 
with  the  coking  coal  by  means  of  suitable  mechanical  arrange- 
ments. 
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The  whole  of  the  machinery  is  driven  hy  means  of  the  160  h.p. 
compound  condensing  engine  T,  which  drives  the  main  shaft  and  the 
pnmp  shaft  by  means  of  hemp  ropes  from  the  fly-wheel  pulley. 

Steam  is  supplied  by  water-tube  boilers  which  are  heated  by 
means  of  the  waste  gases  from  the  coke  ovens. 

Briquettes, — Of  late  years  there  has  grown  up  a  very  important 
industry,  which  aims  at  utilising  coal  du8t  and  inferior  coal,  such  as 
lignite,  which  in  their  crude  states  are  not  adapted  for  ordinaiy 
grates  and  furnaces. 

It  is  found  that  when  coal  dust  is  heated  up  to  a  temperature  of 
SOO^-GOO"  F.,  it  becomes  softened,  the  bituminous  portion  undergoing 
a  degree  of  fusion  sufficient  to  cause  the  small  particles  to  adhere 
together.  Apparently,  however,  this  fact  is  not  relied  on  in  the 
industrial  manufacture  of  coal-dust  briquettes,  for  recourse  is  generallj 
had  to  coal-tar  pitch  as  a  cementing  medium.  Scotch  pitch  answers 
well  for  this  purpose,  the  tar  not  being  distilled  to  so  hard  a  pitdi  u 
in  the  case  of  English  tar,  inasmuch  as  it  is  rarely  considered  worth 
while  to  extract  from  it  the  small  amount  of  anthracene  oil  which  it 
contains.  In  order  to  adapt  English  pitch  for  patent  fuel  making,  it 
is  requisite  to  soften  it  by  the  addition  of  heavy  or  creosote  oil.  This 
addition  is  made  at  the  tar-works.  Small  coal  or  "  slack  "  received  &t 
the  works  is  sifted,  so  as  to  separate  the  pieces  of  coal  from  the  dust 
the  former  being  used  as  fuel  for  the  furnaces.  The  pitch  is  crushed 
by  passing  it  between  a  pair  of  fluted  rollers.  The  coal  dust  and  the 
crushed  pitch  are  elevated  separately  by  means  of  a  "  Jacob's  ladder" 
(endless  band  with  little  scoops  or  buckets  affixed  to  it)  to  a  platform 
above,  where  they  are  fed,  in  definite  proportions,  into  the  top  of  the 
mixing  apparatus.  The  mixer  is  a  vertical  iron  cylinder  about  8  ft 
high  and  3  ft.  wide,  having  in  the  centre  a  revolving  shaft  or  axis 
provided  with  arms  and  made  to  revolve  by  gearii^g  above.  This 
apparatus  is  open  at  the  top.  As  the  shaft  revolves,  steam  is  thrown 
into  the  lower  part  of  the  cylinder,  and  its  effect  is  to  soften  the 
pitch  and  to  damp  equably  the  mixture  of  pitch  and  coal  dust  The 
mixture  passes  out  from  the  lower  part  of  the  mixer  in  the  form  of  a 
soft  damp  powdery  material. 

At  some  works  this  material  is  received  upon  an  iron  plate,  from 
which  by  means  of  appropriate  machinery  it  is  swept  into  moulds 
arranged  round  a  circular  horizontal  revolving  table,  and  kept  con- 
stantly wetted  with  water.  Each  time  a  mould  is  filled,  a  stamper 
comes  down  and  compresses  the  material  into  a  brick.  The  brick 
of  patent  fuel  thus  made  is  lifted  out  of  the  mould  by  machinery  as 
the  table  revolves,  and  is  transferred  to  an  endless  band,  by  means  of 
which  it  is  carried  away  to  be  stacked.  At  other  works  the  moulding 
and  stamping  are  effected  by  an  apparatus  which  works  in  a  hori- 
zontal direction.  The  mixture  falls  n-om  the  cylindrical  mixer  into  a 
circular  pan  from  which  the  stamper  is  fed,  and  in  order  to  oool  the 
mixture  in  this  situation  a  blast  of  cold  air  is  thrown  upon  it. 

In  England  we  have  practically  no  lignite,  but  on  the  Continent 
annually  many  thousands  of  tons  of  otherwise  worthless  "brown 
coal"  are  converted  into  excellent  fuel  as  briquettes.  Such  oosi 
requires  no  binding  agent  to  be  added,  as  it  yields  on   heating 
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nfficient  bitnminoiiB  matter  to  efifeot  oohesioo.    The  whole  prooess 
Mnnprises  three  operations : — 

1.  Crashing  and  granulating  the  raw  and  wet  coal ; 

2.  Drying  and  heating  the  crushed  material ;  and 

3.  Ck>mpre6fiing  the  heated  coal  into  briquettes. 

The  crushing  is  usually  and  be>t  carried  out  between  two  sets  of 
rteel  rollers — one  with  smooth  and  the  other  with  closely  fluted  sur- 
bces,  and  the  top  set  fed  with  raw  and  rough  brown  coal  through  a 
DBcions  hopper  and  shoot.  Underneath  the  lower  set  a  large  square 
peet-iron  sieve  is  suspended,  with  a  wire  bottom  compost  of  two 
li&rent  meshes,  the  narrowest  above,  so  as  to  produce  a  uniform 
BuJl  com,  w^hilst  the  coarser  part  is  subjected  to  re-crushing  or  used 
Oder  the  boiler.  The  sieve  measures  about  6  ft.  9  in.  long,  20-26  in. 
nde,  and  the  respective  meshes  are  |-i  in.  and  1-lf  in.  The  sieve 
e  suspended  in  an  inclined  position  and  moved  by  a  crank,  making 
tl)OQt  300  to  500  rev.  per  minute.  The  finer  coal  j&om  the  upper  and 
unower  meshes  falls  into  a  shoot,  and  thence  into  an  elevator,  to  be 
tsised  at  once  on  to  a  higher  floor  above  the  adjoining  drying  apparatus, 
(f  the  coal  is  of  a  ligneous  texture,  a  second  sifting  through  a  second 
md  narrower  meshed  sieve  on  the  upper  platform  is  required,  so  as  tq 
^p  out  all  the  larger  pieces  of  lignite,  which  otherwise  would  greatly 
lodanger  the  subsequent  drying  and  compressing  operations  by  sudden 
Ignition. 

The  drying  and  heating  process  aims  at  evaporation  of  the  greater 
put  of  the  water  contained  in  the  coal,  so  as  to  reduce  it  to  1 5  per  cent., 
\  percentage  found  most  suitable  and  necessary  for  compressing  the 
QDsl  into  good  briquettes.  Swelling  and  sticky  coals  cause  obstructions. 
Did  require  more  air  and  less  heat. 

Granulated  coal  can  safely  be  more  exposed  to  hot  air  than  coal  of 
ft  dusty  and  pyritiferous  nature ;  the  latter  would  easily  ignite  when 
oposed  to  a  high  temperature.  A  certain  class  of  coal  must  be  even 
eooled  down  before  subjected  to  compression,  to  prevent  stickiness  and 
Ignition.  The  real  problem  for  all  drying  operations  is,  not  only  to 
eraporate  water,  but  also  to  induce  a  uniform  liberation  of  the  bitu- 
tten;  and  to  these  two  principal  parts  of  the  drying  process  the 
fnatest  attention  must  be  paid,  in  order  to  obtain  well-prepared  and 
workable  coal  for  the  press. 

Drying  ovens  are  of  very  various  forms,  and  may  generally  be 
daiwified  according  to  the  heating  medium,  as  follows ; — 

1.  Heated  by  fire. 

2.  Heated  by  steam. 

3.  Heated  by  air. 

4.  Heated  by  air  and  steam. 

5.  Heated  by  fire  and  steam. 

Of  the  first  class,  a  typical  example  is  Jacoby's,  which  generating 
a  great  heat,  is  especially  adapted  for  all  sorts  of  bituminous  coal, 
nqniring  a  moderate  or  even  high  temperature  for  drying.  Feeding, 
heat,  moisture,  and  discharge  can  .be  well  regulated  in  it>  and  it  is 
built  now  of  such  a  size  that  two  ovens  produce  a  sufficient  quantity 
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of  coal  for  one  pross.  They  require,  however,  in  general  more  than 
usual  constant  and  careful  attention  to  prevent  ignition,  and  they 
cannot  be  always  used  with  perfect  safety  for  drying  very  dusty,  Bticky^ 
and  swelling  coal. 

Ovens  of  the  second  class,  heated  by  steam  passing  either  throagh 
hollow  discs  or  oblong  hollow  plates,  or  a  perforated  shaft  surrounded 
by  coal  tubes,  are  frequently  adopted,  and  at  some  places  with  marked 
success.  Rowold's  disc  oven  is  almost  of  the  same  construction  as  the 
one  first  described.  Instead  of  a  brick  wall  the  apparatus  is  housed 
in  a  strong  sheet-iron  round  casing,  with  four  large  folding  doors,  and 
the  steam  is  admitted  from  two  hollow  columns  or  standards,  opposite 
each  other,  in  connection  with  the  hollow  discs,  through  wnidi  it 
passes  around  from  one  side  to  the  other,  and  thence  upwards  througb 
all  the  succeeding  discs  in  alternate  directions  towards  the  outlet-pipe 
into  the  chimney.  The  movement  of  the  coal  from  disc  to  disc  by 
scrapers  is  the  same,  as  also  the  discharge.  Schulz's  tubular  drum 
oven  has  very  simple  movements,  and  is  especially  suitable  and  effective 
for  drying  dusty  or  uniformly  small-grained  coal,  if  not  sticky  or  in- 
clined to  swell. 

In  the  third  class  the  air  is  heated  by  waste  steam  to  a  temperataie 
of  about  140°-1 60°  F.  It  is  easily  accessible,  has  few  moving  parts,  and 
is  well  adapted  for  granulated  coal. 

By  the  combination  of  steam  with  hot  air  the  drying  process  ii 
rendered  more  uniform,  and  a  higher  temperature  can  be  obtained. 

Ovens  of  the  first  and  second  classes  are  complicated  and  expensiTe 
in  construction,  and  not  likely  to  find  favour  where  no  facilities  exist 
for  repairs  and  alterations.  The  addition  of  a  spacious  re-heating 
chamber,  where  the  dried  coal  can  be  kept  at  about  160*^-170°  F.  for 
several  hours,  has  been  found  to  produce  a  much  more  uniform  fuel 
Less  compression  is  required  when  the  coal  is  coarsely  granulated 
than  when  it  is  dusty  ;  on  the  average  it  is  45-60  per  cent.  The  wkter 
is  generally  reduced  from  50  per  cent,  to  16  per  cent.,  and  the  combus- 
tibles are  increased  from  48  per  cent,  to  74  per  cent,  llie  aim  of  the 
process  is  to  heat  the  lignite  to  the  temperature  at  which  tarry  matters 
are  formed,  and  to  pass  it  to  the  press  immediately  before  they  are 
given  off.  Briquettes  made  by  the  combined  steam  and  hot  air  process 
at  Zeitz,  Prussia,  upon  analysis  gave  : — 

Moisture      14  percent. 

Volatile  matter 44*5     „ 

Fixed  carbon       31*7     „ 

Ash       9-8     „ 

These  are  made  of  pure  lignite,  measure  6  in.  by  2|  in.  by  1^  in^ 
weigh  11 J  oz.,  are  not  easily  broken,  and  form  a  good  fuel  for  railway, 
manufacturing,  smelting,  or  general  purposes.  Much  smaller  bri- 
quettes are  more  convenient  for  domestic  consumption. 

Coke, — The  term  "  coke  "  requires  no  definition ;  the  term  **  breease  " 
is  equivalent  to  the  term  "  cinders,"  it  is  lighter,  looser,  and  mostly  in 
smaller  pieces  than  coke.  Both  are  solid  residues  of  the  distillaticm 
or  incomplete  combustion  of  coal,  and  they  vary  in  appearance  and 
quality  with  the  mode  in  which  the  distillation  or  combustioQ  is 
effected,  and  with  the  nature  of  the  coal  employed. 
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Coke  consists  essentially  of  carbon  and  fixed  inorganic  matter  of  the 
Boal  from  which  it  has  been  derived ;  but  it  contains  also  hydrogen, 
oitrogen,  oxygen,  and  snlphur  (in  the  state  of  iron  sulphide).  The 
blbwing  analysis  of  coke  is  fairly  representative  : — 

Carbon       85*84 

Hydrogen 0*52 

Oxygen  and  nitrogen       1*38 

Sulphur      0-86 

Ash     11-40 

100  00 

Half  the  sulphur  in  the  original  coal,  or  thereabouts,  is  found  in  the 
nke  made  from  it ;  the  iron  bisulphide  in  the  coal  be  ng  converted 
mto  protoeulphide  by  the  burning  of  one  equivalent  of  sulphur  and 
the  production  of  sulphurous  acid.  So  that,  as  the  sulphur  varies  in 
quantity  in  the  original  coal,  the  quantity  of  sulphurous  acid  given  ofif 
ind  of  sulphur  left  in  the  coke  will  vary. 

Of  the  various  kinds  of  coal  (lignite,  cannel,  bituminous,  and 
iQthracite)  the  bituminous  variety  is  alone  applicable  to  the  manu- 
Sicture  of  coke  or  breeze.  Bituminous  coal  is  classified  into  "  caking  " 
md  '^  non-caking."  The  caking  much  depends  on  the  manner  in 
which  the  coal  is  heated  and  the  degree  of  heat  to  which  it  is  subjected. 
Kiiw,  the  non-caking  coal  of  South  Staffordshire,  if  rapidly  exposed 
to  a  high  temperature,  such  as  a  bright-red  heat,  in  a  close  vessel, 
famisheB  a  pretty  solid  hard  coke.  The  caking  coals,  however,  are 
tbose  which  are  preferred  for  coke-makini^.  Non-caking  coal  does 
very  well  for  making  breeze,  such  as  is  employed  by  the  nailers  and 
^in-makers  of  South  Staffordshire  and  the  adjoining  part  of  Worces- 
tershire, and  it  is  largely  used  for  this  pui-pose  in  the  neighbourhood 
of  Dudley. 

While  there  are  many  purposes  for  which  the  coke  produced  in 
gtt-making  and  in  other  ways  is  well  suited,  such  bye-product  coke, 
M  it  may  be  called,  is  not  adapted  for  iron-smelting,  yet  the  chief 
oonsiimption  of  coke  is  in  this  last-named  industry.  For  the  pre- 
INWition  of  this  special  coke,  the  coal  is  burned  in  an  insufficiency  of 
»ir,  under  control,  and  by  two  methods — heaps  or  •*  pile«,"  and  ovens. 

The  old-fashioned  method  of  burning  in  piles  is  not  much 
i^pted  now,  as  the  coke  produced  is  softer  than  that  made  in 
ovens,  and  less  fitted  for  use  in  iron  furnaces  worked  with  the  hot 
l>la8t  For  this  mode  of  manufacture  a  flat  space  of  ground  is 
■elected,  and  on  it  are  raised  many  piles,  made  either  circular  or  in 
the  form  of  an  elongated  bank,  usually  about  4  ft.  high  in  the  middle, 
Cttch  circular  pile  being  about  8  yd.  diam.,  and  coking  about  20  tons 
ofooaL 

"Breeze-making"  in  South  Staffordshire  is  effected  in  two  ways : 
cither  the  non-caking  coal  of  the  district  is  burned  in  a  heap  on  the 
gnmnd  (locally  termed  "  hearth-coking  "),  or  in  ovens.  By  the  first 
method,  a  large  heap  of  coal  is  lighted  and  allowed  to  bum  away  in 
great  measure,  and  is  then  quenched  with  water.  In  the  second 
i&ethod  a  circular  oven  standing  alone,  about  10  ft.  diam.,  is  used.  It 
<WMi8tfl  of  a  floor  raised  about  2\  ft.  from  the  ground,  and  enclosed  in 
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a  domed  chamber,  whioli  has  a  chimney  opening  in  the  centre  and  a 
square  doorway  on  the  level  of  the  floor  on  one  side.  The  process 
differs  from  coking  in  the  free  admission  of  air  (the  doorway  being 
open  during  the  whole  time),  and  in  the  gradual  charging  of  the 
oven.  The  first  layer  thrown  on  the  floor  having  ceased  to  flaie, 
another  layer  of  coal  is  thrown  on  it  through  the  doorway,  and  so  on 
at  intervals,  the  coal  is  thrown  in  layer  upon  layer,  until  an  accumu- 
lation to  the  height  of  about  2^  ft.  has  taken  place  on  the  floor.  The 
whole  charge  is  then  drawn  into  barrows  and  wheeled  away  to  a 
heap  on  the  grotmd,  where  it  is  quenched  with  water,  sifted  by 
hand,  and  then  washed  by  hand  by  throwing  into  a  tub  of  water; 
the  shaly  matter  sinks  to  the  bottom  and  the  breeze  is  skimmed  ofll 

The  usual  method  of  coking  is  in  specially  constructed  ovens. 
The  simplest  form  of  coke-oven  is  a  flat-bottomed  chamber,  ardi- 
roofed,  made  of  firebrick  or  other  refractory  material,  provided  wi^ 
two  openings,  one  in  the  roof  to  serve  as  an  outlet  for  the  volatile 
products  of  carbonisation  and  as  an  inlet  for  introducing  the  coal, 
and  the  other  in  the  circumference  or  wall  to  serve  as  a  doorway  for 
withdrawing  the  coke.  Such  ovens  pass  under  distinctive  names  in 
accordance  with  various  minor  modifications  of  form  and  arrange- 
ment. The  ordinary  "  bee-hive  "  oven  is  of  circular  form,  covered 
with  a  domed  roof;  the  diameter  of  the  floor  varies  from  8  to  11  ft.,  and 
the  height  of  the  dome  in  the  centre  from  5  to  about  8  ft.  The 
''rectangular"  oven  has  an  oblong  floor,  say  14  ft.  long  and  6  or  7  ft 
wide  (the  dimensions  varying  however),  and  arched  roof.  Sometimes 
the  oven  is  less  than  5  ft.  high,  and  the  floor  is  raised  above  the  level 
of  the  ground  outside. 

Coke  ovens  may  stand  separately  or  in  pairs,  side  by  side  or  back 
to  back ;  but  where  coking  is  carried  on  to  a  large  extent  they  are 
erected  many  together,  side  by  side  in  a  row,  or  two  rows  may  be 
placed  back  to  back,  so  as  to  form  a  block  of  30-100  ovens,  the  door- 
ways of  one  row  being  on  one  side  of  the  block  and  those  of  the  other 
row  on  the  other  side.  On  the  summit  of  each  row  in  these  cases 
there  commonly  runs  a  tramway  to  carry  slack  in  wagons  for 
charging  the  ovens  through  their  roofs.  When  it  is  intended  to 
draw  the  coke  in  one  block  by  machinery,  as  is  done  in  the  case  of 
some  rectangular  ovens,  the  floor  rises  a  little,  and  narrows  a  little 
also,  towards  the  back  of  the  oven.  The  doorway  of  a  coke  oven 
runs  from  the  floor  about  half-way  up  the  front  of  the  oven,  and  its 
width  varies,  chiefly  to  correspond  with  the  mode  of  drawing  the 
coke  adopted.  When  the  coke  is  to  be  raked  out,  the  width  of  the 
doorway  is  only  2-^  ft. ;  but  when  it  is  to  be  discharged  in  one  bloc^ 
by  a  mechanical  arrangement,  it  extends  the  whole  width  of  the 
firont  of  the  oven.  During  the  process  of  coking,  this  front  opening 
is  either  bricked  up  or  closed  by  an  iron  plate  or  door ;  or  the  door 
consists  of  a  frame  of  iron  in  which  bricks  are  laid,  and  is  raised 
when  requisite  by  means  of  a  pulley  and  counterpoise.  Beside  the 
door  there  may  be  only  the  central  aperture  or  chimney  in  the  roof; 
but  commonly  there  is  a  flue  proceeding  from  the  back  part  of  the 
oven,  by  which  the  products  of  combustion  are  carried  off^  the  oentzal 
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opening  in  the  roof  beine  only  used  for  oheurging  the  oven.  Where 
he  oven  Ib  oharged  by  the  door  there  may  be  no  central  opening  in 
berool 

Coke  oveDB,  onoe  set  to  work,  are  kept  at  work  until  it  is  necessary 
0  stop  them  for  repairs.  As  soon  as  posttible  after  a  charge  is  drawn, 
nd  before  the  walls  have  had  time  to  cool,  the  oven  is  re-charged 
lithooaL 

It  is  customary  to  nse  for  coking  in  ovens  what  is  technically^ 
enned  **  slack/'  uiat  is  to  say,  the  dusty  coal  for  which  a  sale  is  not 
0  readOy  fonnd  as  for  lumps  of  coaL  It  is  also  customary,  when  the 
K^  is  to  be  used  for  iron  furnaces,  to  wash  the  slack  so  as  to  remove 
ran  it  shaly  matter  and  some  of  the  pyrites. 

It  is  ckdmed  that  ^  bee-hive "  coke  is  so  much  better  for  blast- 
^tmaoe  nae  than  coke  from  recuperative  ovens,  that  it  pays  to  throw 
kway  40  per  cent,  of  the  coal,  or  whatever  else  may  be  the  difference 
)etwe6n  the  two  systems.  This  claim  was  substantiated  in  a  measure, 
lySir  L  Lowthian  Bell,  who  experimented  with  several  thousand 
ODS  of  bee-hive  and  Simon-Carv^  coke  made  in  a  recuperative  oven, 
i&d  fonnd  that  the  bee-hive  coke  was  about  10  per  cent,  better  than 
he  Simon-Carv^  Sir  Bernard  Samuelson,  however,  in  repeating 
he  experiment,  did  not  altogether  confirm  this  result.  But  the 
(xperienoe  in  France,  covering  a  number  of  years,  is  clearly  in  favour 
A  the  reoaperative  oven ;  and  certainly  the  loss  of  10  per  cent,  in 
Bductng  power,  as  reported  by  Bell,  is  not  to  be  taken  as  condem- 
latory  of  a  system  that  is  highly  prized  elsewhere.  In  the  manu- 
icture  of  ooke  there  has  not  been  the  same  scientific  and  economic 
ffogrees  as  in  the  mining  of  coal  and  in  the  production  of  pig-iron 
tadsteeL 

Nearly  all  the  coke  in  the  United  States  is  made  in  bee-hive  ovens, 
the  attempts  to  introduce  other  systems  of  coking  not  having  been 
nooessful  commercially.  As  a  rule  the  gases  are  not  consumed ; 
one  establishments,  however,  utilise  them  for  heating  purposes, 
r&r  and  ammoniacal  liauors  are  not  saved,  so  that  the  40  per  cent. 
»r  50  per  cent,  of  volatile  matter  passes  off  into  the  air  and  is  wasted* 

Diuing  the  twelve  years  ending  with  1891  the  coke  production  of 
the  United  States  was  82,806,438  tons,  representing  137,458,687  tons 
^coaL 

The  following  comparison  of  British,  Continental,  and  American 
soke,  is  based  on  the  returns  for  1889  and  1890  :— 

British:  1*65  tons  of  coal  make  1  ton  of  coke,  costing  7«.  11^. 
per  ton  of  2000  lb.,  of  which  the  coal  amoimts  to  5ff.  llfi.  or  74**63 
per  cent.,  and  the  labour  to  1«.  4^  or  17*24  per  cent. 

Continental :  1  *  327  tons  of  ooaI  make  1  ton  of  coke,  costing  9«.  6(2. 
per  ton  of  2000  lb., of  which  the  coal  amounts  to  8«.  5(1.  or  89*28  per 
oeat,  and  the  labour  to  9^  or  8*4  per  cent. 

American:  1  *555  tons  of  coal  make  1  ton  of  coke,  costing  6«.  lid. 
pa-  ton  of  2000  lb.,  of  which  the  coal  amounts  to  h%.  0^  or  73  per 
oenU,  and  the  labour  to  1«.  5^.  or  21  •  1  per  cent. 
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EMERY  AND  CORUNDUM. 

While  emery  and  comndnm  are  very  nearly  allied  mineralogicallj 
they  are  sharply  distinguished  in  the  trade.  Whereas  oomndnm  is 
almost  a  pnre  aJnmina,  emery  is  contaminated  by  a  large  proportion 
of  iron  oxide,  ranging  generally  between  20  and  33  per  cent 
Physically  also  they  are  distinguished  by  the  following  features:— 
Corundum  is  variously  coloured,  commonly  grey,  but  never  black ;  it 
is  much  harder  than  emery,  with  sharper  edges,  and  cats  more  deeply 
and  rapidl}- ;  it  is,  however,  more  brittle  and  therefore  less  durable. 
Emery  is  practically  always  black.' 

The  chief  European  sources  of  emery  are  the  Greek  island  of  Naxos 
and  Asiatic  Turkey. 

The  Naxos  deposits  occur  chiefly  near  Bothis  at  the  northern  end 
of  the  island,  which  is  principally  made  up  of  metamorphio  rocks, 
divisible  into  gneiss  and  schist  formations,  the  latter  consisting  of 
mica  schists  alternating  with  crystalline  limestones.  The  lenticular 
masses  of  emery,  which  are  very  variable  in  size,  ranging  in  length 
from  a  few  feet  to  upwards  of  100  yd.,  and  in  thickness  frum  5  up  to 
50  yd.,  are  closely  associated  with  the  limestones,  and  follow  tneiT 
undulations ;  they  vary  much  in  position,  lying  at  all  angles,  from 
horizontal  to  nearly  vertical.  The  highest  quality  of  tuineral  is 
obtained  from  two  comparatively  thin,  but  extensive  deposits, 
Aspalanthropo  and  Eakoryakos,  which  are  435  m.  above  the  sea-level 
The  mineral  is  stratified  in  thin  bands  1-2  ft.  thick,  crossed  by  two 
other  systems  of  divisional  planes,  so  that  it  breaks  into  nearly 
cubical  blocks  in  the  working.  The  floor  of  the  deposit  is  invariablj 
crystalline  limestone,  and  the  roof  a  loosely  crystalline  dolomite 
covered  by  mica  schist.  The  underlying  limestones  are  often  pene- 
tmted  by  dykes  of  tourmaline  granite,  which  probably  have  some 
intimate  connection  with  the  origin  of  the  emery  beds  above  them. 
The  working  of  the  deposits  is  conducted  in  an  extremely  primitive 
fashion  by  about  600  privileged  woikmen,  who  have  the  right  of 
working  the  mineral  wherever  and  in  what  manner  they  think  bett. 
The  produce  is  taken  over  by  the  Government  oflficial  at  the  mte  of 
about  U.  6(i.  per  cwt^  The  rock  is  exclusively  broken  by  fire-setting. 
A  piece  of  ground  about  5  ft.  broad  and  the  same  height,  is  cleared 
from  loose  material,  and  a  pile  of  brushwood  is  heaped  against  it  and 
lighted.  This  bums  out  in  about  24-30  hours,  when  water  i« 
thrown  upon  the  heated  rock  to  chill  it  and  develop  fractures  alon^ 
the  Hecondary  divisional  planes  in  the  mass  of  emery,  and  so  facilitate 
the  breaking  up  and  removal  of  the  material:  Sometimes  a  crack  if 
opened  out  by  inserting  a  dynamite  cartridge,  but  the  regular  use  ol 
explosives  is  impossible,  owing  to  the  hardness  of  the  mineral,  wbiek 
cannot  be  bored  with  steel  tools.  Only  the  larger  lumps  are  carrM 
down  to  the  shipping  place,  the  smaller,  up  to  pieces  as  large  as  tfce 
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Bat,  being  left  on  tlie  ground.  Ab  most  of  the  suitable  places  for 
Ere-setting  at  the  surface  have  been  worked  out,  attempts  have  been 
made  to  follow  the  deposits  underground,  but  none  has  been  carried 
to  any  depth,  partly  on  account  of  the  suffocating  smoke  of  the  fires^ 
rendering  continuous  work  difficult,  but  more  particularly  from  the 
langerous  character  of  the  loose  dolomite  roof,  which  is  responsible 
for  many  fatal  accidents  from  falls.  These  might,  of  course,  be 
prevented  by  the  judicious  use  of  timber  or  masonry  to  support  the 
roof;  but  this  appears  to  be  beyond  the  skill  of  the  native  miners,  and 
the  rapid  exhaustion  of  the  forests  in  the  neighbourhood  of  the  mines 
owing  to  the  heavy  consumption  of  fuel  in  fire-setting,  has  been  a 
cause  of  anxiety  to  the  Qovemment  for  some  years  past. 

Emery  stone  is  found  in  nearly  all  parts  of  Asia  Minor,  and  not 
imfi:eqnently  in  the  remote  and  almost  inaccessible  regions  of  the 
interior,  where  the  natural  obstacles  are  too  great  to  offer  any  induce- 
ment to  the  miner.  The  principal  mines  are  confined  to  the  districts 
of  Thyra  and  Aidin,  situated  to  the  southward  of  Smyrna.  When  well 
lacked  and  freed  from  unsound  ore  and  rubbish,  the  emery  from  the 
Chamaud,  Jackson,  and  Abbot  mines  is  of  good  and  nearly  equal 
quality.  The  Glyka  or  Akdere  stone  is  not  as  much  sought  after, 
while  that  excavated  near  Milassa,  the  larger  part  of  which  finds  pur- 
ebasers  in  the  United  States,  is  of  inferior  quality,  the  grain  being 
Rnooth  and  a  great  deal  of  magnetic  iron  entering  into  its  composition. 
The  mines  are  opened  by  pits  and  galleries,  and  the  stone  is  obtained 
in  most  instances  by  blasting,  gunpowder  and  dynamite  being  fn^ly 
w>ed  to  extract  it.  The  overseers  and  principal  workmen  at  the  mines 
are  Italians,  who  are  paid  d«.  6(2.  per  diem ;  the  native  workmen  are 
paid  only  about  half  as  much.  In  some  cases  the  mining  is  attended 
with  difficulty  and  expense.  At  the  Jackson  mine,  for  example,  the 
•(one  is  procured  from  a  great  depth,  water  neoesHitating  the  employ- 
ment of  a  steam-pump.  At  Kourchak  not  even  blasting  is  required, 
the  emery  being  dug  up  from  the  red  argillaceous  earth  wherewith  it 
ia  mixed.  The  coating  of  the  stone  varies  with  the  colour  of  the  earth 
or  rock  in  which  it  is  found — from  red  to  brown,  grey,  or  white ;  and 
as  a  rule  no  correct  judgment  of  the  quality  can  be  formed  from  its 
outward  appearance.  The  grain  should  be  hard,  bright,  and  coarse, 
r^embling  gunpowder,  and  varying  in  hue  from  reddish  black  to  dark 
blmsb  grey.  The  grain  must  be  tested  before  one  can  certainly  know 
its  abrasive  power,  which  does  not  solely  depend  upon  the  amount  of 
tlumina  it  contains,  but  also  upon  the  molecular  construction.  In  the 
Tchaous  concession,  near  Thyra,  a  great  deal  of  the  emery  is  not  mined, 
owing  to  the  presence  of  mica  in  the  grain.  The  emery  is  picked 
dailv  at  the  mines  as  fast  as  it  is  extracted,  in  some  instances  not  one- 
ball  the  quantity  being  selected.  It  is  then  conveyed  by  camels  to 
the  nearest  railway  station,  and  from  thence  to  Smyrna,  where  it  is 
generally  picked  again  previous  to  shipment.  When  the  mines  are 
litnated  on  heights  inaccessible  to  camels,  the  ore  is  brought  down  by 
donkeys.  If  the  pieces  are  too  large  to  be  carried  by  camels,  they  are 
brought  to  the  station  in  carts  drawn  by  buffaloes.  But  these  very 
Urge  pieces  are  broken  at  the  mines  with  sledge-hammers,  after  having 
been  subjected  to  the  action  of  fire  to  facilitate  their  breaking. 
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Gorundnm  has  been  found  in  a  large  number  of  localities  in  tho 
United  States,  but  only  three  places  have  been  actual  producers.  The 
emery  vein  or  bed  at  Chester,  Mass.,  has  furnished  a  large  quantity  of 
the  mineral ;  but  the  chief  American  source  at  present  is  a  belt  of  ser- 
pentine that  extends  from  south-western  North  Carolina  into  Georgia. 
It  is  an  altered  olivine  rock,  and  has  gneiss  for  its  immediate  associate, 
and  along  the  contact  of  the  two  are  found  the  veins  (or  beds)  of  de- 
composed rock  which  have  the  corundum  disseminated  through  them. 
Corundum  Hill,  in  North  Carolina,  and  Laurel  Creek,  in  Georgia,  are 
the  chief  producers.  The  mineral  is  crushed,  sifted,  and  washed,  and 
thus  comes  to  market  in  various  sizes.  Care  is  taken  to  avoid  making 
undue  amounts  of  the  finest  product,  or  *'  flour,"  for  this  has  less  valne 
than  the  coarser  grades. 

The  usual  test  of  the  quality  of  a  sample  of  emery  or  corundum,  is 
to  compare  a  weighed  sample  with  an  equal  amount  of  the  standard 
grade,  or  of  some  well-recognised  brand ;  two  weighed  pieces  of  plate- 
glass  of  convenient  size  are  then  rubbed  together  with  the  sample 
between,  and  the  process  is  continued  until  the  grit  has  disappeared 
and  the  plates  no  longer  lose  in  weight  from  the  abrasion.  The  amount 
of  loss  is  a  measure  of  the  hardness  and  abrading  power  of  the  sample, 
the  better  grade  giving  the  greater  loss. 

The  presence  of  garnet  and  other  hard  substances,  not  equal  to 
emery  in  abrasive  power,  is  liable  to  occur  in  inferior  sconples.  The 
preparation  of  corundum .  is  much  more  costly  than  that  of  emery, 
owing  to  its  greater  hardness,  hence  it  commands  a  higher  prioe 
(about  double),  while  for  many  purposes  it  is  not  superior.  Abont 
9Z.  a  ton  is  the  approximate  market  value  of  corundum,  the  production 
varying  around  2000  tons  yearly.  The  annual  output  of  emery  is 
probably  10,000  tons.  Pure  corundum  is  crystallised  aluminium  oxide 
(AI2O3) ;  its  hardness  is  9,  diamond  being  10.  The  gems,  ruby  and 
sapphire,  have  the  same  composition. 
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FLUORSPAR  AND  FELSPAR. 

Fhionpar. — Until  the  beginning  of  this  century,  fluorspar  was  con- 
sidered indispensable  in  metallurgical  operations.  It  diminishes  the 
I068  of  metal,  and  was  long  the  only  energetic  means  of  reducing  the 
meltmg  point  of  slag  from  ores  carrying  high  percentages  of  clay 
or  zmc.  Without  fluorspar  very  refractory  ores  could  not  be  smelted 
at  all 

Gradually,  however,  as  blast  furnaces  and  smelting  apparatus  were 
improved,  fluorspar  was  superseded  by  lime  and  other  cheap  fluxes, 
but  of  late  its  use  has  been  reintroduced  into  nearly  all  branches  of 
metallni^. 

While  the  cost  of  fluorspar  is  six  to  seven  times  greater  than  that 
of  limestone,  1  part  of  flnorspar  goes  farther  than  1 0  of  limestone.  The 
former  is  especially  effective  in  reducing  the  quantity  of  fuel ;  it  forms 
two  parts  of  slag  where  limestone  forms  three,  and  it  forms  possibly 
abo  fluorsilicate,  wherebv  heat  is  likely  to  be  liberated. 

While  the  rather  high  price  of  fluorspar  prevents  its  use  in  the 
production  of  ordinary  white  and  grey  pig  iron,  it  has  proved  a  rapid 
and  energetic  solvent  in  blast  furnace  work,  where  it  is  blown  in  as 
powder  through  the  nozzles. 

In  making  silicon  iron,  fluorspar  plays  a  more  important  part. 
A  ferrosilioon  iron,  with  10  per  cent,  silicon,  made  especially  in  Upper 
Sileeia,  is  almost  indispensable  for  works  that  make  very  tough, 
deep-grey  castings.  This  ferrosilioon  can  be  obtained  in  any  ordi- 
nary blast  furnace  from  any  silicious  iron  ore  if  it  is  only  fluxed  with 
fluorspar,  and  the  slag  is  strongly  basic.  The  fluorspar  reduces  the 
sOicon  energetically;  at  all  events  fluorsilicon  is  formed,  which  is 
reduced  to  silicon  bvthe  hydrogen  contained  in  the  furnace  gases,  and 
poflsibly  also  directly  by  the  coke.  It  does  not  seem  impossible  that 
the  greatly  increased  price  of  coke  will  result  in  a  reintroduction  of 
fluorspar  as  a  fuel-saving  flux  in  the  manufacture  of  foundry  pig, 
particularly  as  even  a  very  small  quantity  of  fluorspar  added  to  the 
charge  at  once  raises  the  product  to  No.  1  deep-grey  pig,  rich  in 
graphite. 

The  remarkable  property  of  fluorspar,  that  it  facilitates  the  re- 
duction of  the  most  difierent  bodies — a  property  common  to  almost  all 
the  flnoridea — makes  it  a  valuable  flux  in  the  production  of  spiegeleisen. 
It  has  long  been  known  that  fluoride  of  manganese,  as  well  as  a  mixture 
of  a  manganese  combination  with  fluorspar,  can  with  comparative  ease 
be  reduced  to  metallic  manganese  by  means  of  sodium.  The  modem 
application  of  this  method  to  the  blast  furnace  substitutes  carbon  for 
Bodinm.  A  highly  basic  slag,  lich  in  fluorides,  seems  nearly  indispens« 
able  for  the  production  of  a  rich  ferromanganese  in  the  blast  furnace. 

The  property  of  fluorspar,  to  carry  phosphorus  into  the  basic  slag, 
has  never  been  of  special  importance  as  far  as  pig  iron  is  concerned. 
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but  it  is  utilised  by  the  Krupp  and  Bollet  methods  of  dephosphorising 
pig  in  the  basic-lined  cupola-fumaoe.  Whilst,  at  all  events  in  the 
blast  furnace  process,  the  property  of  lime  fluoride  to  form  an  easily 
melting  slag  with  phosphates  is  of  some  importance,  fluorspar,  in  the 
process  of  purifying  the  pig  iron,  serves  probably  only  as  a  flux  for  the 
tdghly  basic  lime-slag  saturated  with  phosphorus. 

In  the  Thomas  process  too,  and  even  in  the  Bessemer  converter, 
fluorspar  is  in  reoent  practice  being  added  in  small  quantities  for  the 
purpose  of  oonpentrating  the  slag  and  reducing  the  loss  of  metal ;  very 
great  care,  however,  is  needed  to  prevent  such  a  slag  from  attacking 
the  acid  lining.  It  is  also  said  that  in  puddling  in  the  various  steel- 
making  methods,  and  in  the  Siemens-Martin  process,  fluorspar  is  added 
partly  as  a  slag-forming  flux. 

In  foundry  work,  it  is  a  fact  that  limestone,  which,  because  of  iU 
cheapness,  superseded  fluorspar,  of  late  is  losing  ground  to  the  latter. 
The  limestone  flux  in  cupola-furnace  work  serves  only  to  slag  the  ashei 
of  the  fuel,  the  sand  adhering  to  the  pig,  <&c.,  no  chemical  effect  on  the 
iron  being  intended.  But  the  fluorspar  affects  the  iron  noticeablj, 
keeps  it  grey  and  soft  by  holding  the  silicon  as  an  alloy,  whilst  a  lime- 
stone flux  favours  the  tendency  of  the  silicon  to  slag.  Besides,  fluorspar 
carries  some  phosphorus  and  sulphur  into  the  slag.  Fluorspar  makee 
it  possible  to  melt  inferior  kinds  of  pig  iron  and  a  higher  percentage 
of  scrap.  But  practice  has  shown  that  too  much  fluorspar  is  rather 
injurious  than  advantageous,  one  reason  for  this  being  that  the  man- 
ganese contained  in  the  iron  is  thereby  prevented  from  slagging. 

The  quantity  of  fluorspar  which  is  added  to  100  lb.  of  pig  iron 
to  be  remelted,  is  ^,  or  at  the  most  \  lb.  The  improvement  of  the 
product  caused  by  this  flux  is  specially  manifest  in  the  improTed 
cupola  furnaces,  particularly  Herbert's,  which  has  much  facilitated  the 
utilisation  of  inferior  iron  for  soft  castings.  The  property  of  fluorspar 
to  protect  manganese  does  not  seem  favourable  enough  to  offset  the 
injury  due  to  its  silicon-reducing  power.  Its  use  would,  at  least, 
require  melting  in  a  basic  furnace,  or  as  cold  as  possible. 

As  the  small  quantity  of  phosphorus  and  sulphur  contained  in 
Swedish  charcoal  iron,  is  almost  entirely  carried  off*  in  the  compara- 
tively acid  slag  by  fluorspar,  this  is  of  prominent  importance  for  the 
treatment  of  very  pure  qualities  of  iron. 

Dr.  Foehr  states  that  fluorspar  was  formerly  the  most  important 
flux  for  smelting  copper  ores  in  the  German  stack,  as  well  as  in  the 
English  reverberat6ry  furnace.  The  Mansfeld  copper  slate,  for  instantei 
was  fluxed  with  up  to  10  per  cent,  of  fluorsptir,  the  cost  of  this  beiu; 
about  8  per  cent,  of  the  total  smelting  cost.  The  effect  of  this  flvx 
depended  essentially  on  the  volatilisation  of  silica  fluoride,  wherebT  the 
strongly  acid  slag  was  reduced  in  silicon.  The  iDtroduction  of  im« 
proved  and  heated  blasts  in  the  Mansfeld  works  has  almost  conlined 
the  use  of  fluorspar  to  the  blowing  in  of  furnaces ;  5  per  cent,  of  fluor- 
spar is  commonly  added  at  the  start,  but  the  quantity  decreasei 
gradually,  until  after  2  to  5  weeks  no  fluorspar  at  all  is  used*  The 
English  reverberatory  furnace  process  fluxed  formerly  with  as  mudi 
as  10  per  cent,  of  fluorspar,  but  nowadays  this  takes  place  only  with 
ores  rather  rich  in  arsenic.     Fluoride  of  calcium,  with  arsenic  metak. 
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pves  very  volatile  fluoride  of  arsenic,  which,  with  a  reducing  flame, 
BBfiily  eficapes.  The  risk  of  loss  involved  in  the  volatile  fluoride  of 
oopper  necessitates  the  presence  of  excessive  carbon  whenever  fluor- 
^MT  is  employed  in  the  metallurgy  of  copper. 

While  fluorspar  is  at  present  of  small  value  in  the  treatment  of 
oopper  ores  containing  sulphur,  its  property  to  give  fluid  combinations 
with  gypsum  and  barytes  may  prove  an  important  means  to  work  poor 
oxides  and  silicious  ores  as  well  as  charges  containing  azurite,  mala- 
obite,  red  oxide  of  copper,  atacamite,  and  earthy  red  oxide  of  copper, 
by  reducing  the  smaller  part  of  the  sulphate,  and  forming  a  matte 
very  rich  in  copper,  and  by  forcing  its  larger  part  together  with  the 
Buoride  of  calcium  into  the  slag,  which  thereby  becomes  thin  and  very 
fluid.  Equal  quantities  of  fluorspar  with  gypsum  or  barytes  produce 
the  most  fluid  slag.  A  significant  point,  particularly  with  poor  ores 
bigh  in  silica,  is  fliat  this  slag  is  poor  in  copper,  a  fact  on  which  was 
biaed  the  former  Freiberg  practice  of  resmelting  the  copper  slag,  to- 
cher with  pyrites  and  fluorspar,  thus  obtaining  copper  matte  and 
poor  slag,  the  intention  probably  being  to  enrich  the  matte  in  copper 
md  impoverish  it  in  iron. 

Fluxing  copper  ores  containing  nickel,  with  fluorspar,  is  very 
bvourable  for  the  collection  of  the  nickel  in  the  matte,  and  has  been 
in  use  in  the  Reichelsdorf,  Griinthal,  and  Mansfeld  works.  The 
chemical  process  is  still  entirely  obscure,  and  worthy  of  study  in  the 
laboratory.  Possibly,  nickel-arsenic  is  decomposed  into  volatile  fluoride 
of  arsenic  and  nickel,  which  latter  goes  into  the  matte.  Fluorspar  is 
in  almost  indispensnlDle  flux  for  making  tough  copper,  and,  generally, 
irbenever  silicon,  which  makes  copper  highly  brittle,  has  to  be  removed. 
&B  a  means  to  produce  a  matte  poor  in  iron  in  the  reverberatory 
Ebmaoe,  a  mixture  of  fluorspar,  barytes,  and  quartz  is  more  energetic 
Ukd  rapid  than  an  addition  of  only  the  two  last  named,  the  proportion 
rf  the  fluorspar  and  the  barytes  being  for  this  purpose  as  between  one 
ud  three,  whilst  the  quantity  of  quartz  depends  on  how  much  iron 
the  roasted  matte  contains.  Too  much  fluorspar  gives  a  matte  rich  in 
iron.  For  refining  and  remeltiug  copper,  fluorspar  finds  a  constantly 
increaaing  use.  Mixed  with  some  soda,  it  is  excellent  for  remelting 
copper  ingots,  and  for  removing  from  the  m)etal  bath  small  quantities 
dC  arsenic  and  silicon.  The  process  is  kept  a  secret ;  the  refining  slag 
is,  however,  reported  to  be  remelted  with  gypsum  or  glauber  salts  and 
luarspar. 

•  In  composition  fluorspar  is  essentially  fluoride  of  calcium,  and  con- 
piats  of  51  '3  per  cent,  calcium  and  48' 7  per  cent,  fluorine.  It  occurs 
aAably  in  association  with  lead  veins  in  limestone  formations,  the 
British  oatput  coming  chiefly  from  Derbyshire,  while  the  American 
product  is  exclusively  derived  from  the  Rosiclare  mines,  in  Hardin 
oounty,  Illinois.  In  the  latter  case,  deposits  of  fluorspar  and  galena 
occur  in  the  limestones  underlying  the  coal  measures,  in  enormous  and 
well-defined  fissure  veins,  the  fluorspar  being  the  more  valuable  portion 
of  the  mineraL  Tiie  British  production  of  fluorspar  varies  between 
100  and  500  tons  yearly,  and  the  American  between  6000  and  9000  tons, 
the  value  being  about  25«.  a  ton. 

Fehpcar. — There  are  many  places  at  which  felspar  is  mined,  or 
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rather  quarried,  the  product  being  in  most  instances  oonsumed  locally, 
as  the  value  of  the  article,  about  15«.  to  IZ.  a  ton,  does  not  admit  of 
long  carriage.  The  mineral  is  a  common  ingredient  of  granites  and 
syenites,  and  is  generally  a  bye-product  of  china-day  works.  It  is  a 
double  silicate  of  alumina  and  potash,  and  "contains  about  64  per  cent. 
silica,  ISj^  alumina,  and  17  potash.  Its  principal  use  is  in  poroelun- 
making. 
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FUEL. 

ITuEts  are  of  three  kinds — solid,  tbe  most  oommon  form ;  liquid,  the, 
Aost  eoergetio ;  and  gaseous,  the  most  easily  controlled. 

By  good  and  proper  firing,  a  utilisation  of  66  per  cent,  of  the 
Boergy  contained  in  coal  may  easily  be  accomplished,. and  80  percent. 
b  not  impoesible.  These  figures  may  usefully  be  borne  in  mind  when 
ittcttflsin^  the  supposed  immense  advantages  of  gaseous  fuels.  No 
prooess  €:an  add  to  gaseous  fuel  more  energy  than  it  derives  from  the 
nlid  coal,  in  fact  a  loss  of  energy  must  take  place  in  the  conversion, 
ind  the  greater  utilisation,  taking  place  in  the  case  of  gaseous  fuel,  is 
limply  due  to  perfected  combustion,  incidental  to  the  feed  being  more 
leadily  adjusted  and  controlled.  The  consumption  of  solid  fuel  is  not 
likely  to  be  affected  to  any  extent  by  artificially  produced  gaseous  fuels. 

Liquid  fuel,  in  other  words,  ordinary  petroleum,  is  a  very  valuable 
ikeating  agent  under  certain  conditions,  as  it  contains  much  more 
snergy,  in  proportion  to  its  volume,  than  any  other  form  of  fuel.  Its 
ximposition  is  practically  84  per  cent  carbon  and  14  per  cent,  hydro- 
gen, so  that  its  energy  per  lb.  is  about  20*860  heat-units,  or  44  per 
pent  greater  than  that  of  good  coal.  In  addition,  it  can  be  burned 
vith  less  relative  wuste,  so  that  it  really  can  give  about  50  per  cent, 
bore  duty  than  coal.  But  the  available  supply  prohibits  any  idea  of 
ItB  replacing  coal  in  a  general  way. 

Of  gaseous  fuels,  the  least  costly  per  unit  of  heat  is  common 
•producer"  ga*»,  in  which  the  oxygen  for  burning  the  carbon  to 
aubon  monoxide  is  derived  mainly  from  the  air.  The  associated 
Ktmoapheric  nitrogen  dilutes  the  carbon  monoxide,  making  air-gas  the 
weakest  of  all  useful  gases,  or  the  lowest  in  combustible.  Next  in 
arder  of  heat-energy  comes  water-gas,  in  which  the  requisite  oxygen 
b  derived  from  water-vapour,  and  hydrogen  is  liberated ;  for  equal 
Ndumes,  this  gas  has  more  than  double  the  calorific  power  of  air-gas. 
third  in  the  ascending  scale  stands  the  ordinary  illuminating  gas 
listilled  from  bituminous  coal,  which  carries  more  than  double  the 
beat-energy  of  water-gas.  Highest  in  the  list  comes  natural  gas,  the 
s^osific  power  of  which  is  about  50  per  cent,  greater  than  that  of 
soal-gas. 

The  following  table  gives  the  bases  for  calculating  the  heat  units 
[British  thermal  units)  developed  in  the  burning  of  various  oom- 
PQStibles: — 

Hcat.-aittBdM«lopedtntmnUDg.                                  of  combusUble.  of  oombutttble. 

CtoCO 4,400 

CtoCO, 14.500 

COtiiCO,       4.325  319 

HtoH,0 62,00i»  327 

CH«  to  CO,  and  water 23,500  1007 

C,H^  to  CO,  and  water 21,4  0  159:^ 
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In  making  producer  gas,  it  is  possible,  by  utilising  the  sensible 
heat  of  the  eas  through  close  attachment  of  producer  and  furnace,  and 
by  introducing  with  the  air  blast  as  much  steam  as  can  be  tolerated 
without  destroying  good  incandescence,  to  recover  60  per  cent,  of  the 
energy  of  primary  combustion.  Even  counting  the  sensible  heat  as 
lost,  and  adding  radiation  and  other  losses,  stiU  the  gas  should  carrj 
87  per  cent,  of  the  heat-energy  of  the  fuel,  while  if  the  sensible  heat 
be  utilised  the  figures  will  reach  93  per  cent.  The  heat  which  572 IW 
of  this  gas,  derived  from  100  lb.  of  carbon,  is  capable  of  generating  by 
combustion  is : — 

GO  burned  to  00„  233-33  lb.  x    4,325  ..     1,009,160  heat-units. 
H          „          water,  4-17  lb.    x  62,000  ..         258,540 
Sensible  heat  in  572  Ih.  of  gas 85,800 


1,353,500 
Solid  C  bnmed  to  00^  100  lb.  x  14,500 ..     1 ,450,000 


Loss  in  conyerrion,  6*65  per  cent 96,500         ^ 

In  generating  gas  from  anthracite  coal,  the  products  will  be : — 

186-66  lb.  CO       807,304  heat  units. 

5001b.CH,      117,500 

3-75  lb.  H         232,500  „ 

Total 1,157,304 

Total  energy  in  100  lb.  of  ooal 1,349,500  „ 

EfBciency  of  conversion      86  per  o^it. 

Heat-nnits  in  1  lb.  gas 2,248 

In  the  case  of  a  bituminous  coal  containing  55  per  cent,  carbon 
and  32  per  cent,  volatile  combustible  matter,  the  yield  should  be : — 

116-66  lb.  CO       ..      504,554  heat  units. 

32-00  lb.  voL  HC       640,000  „ 

2-50  lb.      155,000 


Total 1  299.554  „ 

Total  energy  in  100  lb.  coal       1 ,437,500  „ 

Efficiency  of  oonTersion      90-0  per  cent. 

Heat-units  in  lib.  of  gas 3,484 

As  compared  with  anthracite,  the  greater  energy  of  bitnminoa 
gas  is  even  more  than  appearance  indicates,  since  the  high  percentag 
of  hydrocarbons  is  associated  with  lower  nitrogen.  But  the  32  p< 
cent,  of  volatile  combustible  matter  must  be  volatilised  and  utilise! 
in  its  full  strength,  therefore  it  should  not  be  suffered  to  cool  belw 
300*^  F.  before  it  enters  the  combustion-chambers  or  regenerators, 
the  higher  its  temperature  at  the  furnace  the  better. 

Though  water-gas  cannot  be  produced  without  entailing  great  loi 
of  energy  in   its  formation,  and  therefore   enhanced  cost  per  uni 
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tbttined,  it  possesses  qualities  which  will  ensure  it  a  limited  applica- 
ion.  It  is  made  intermittently  by  blowing  up  the  fuel-bed  of  the 
^rodnoer  to  a  high  state  of  inCandesoence,  then  excluding  air  and 
brcing  steam  through  the  incandescent  fuel,  whereby  the  water  is 
iroken  np  into  bydro^n  and  oxygen,  the  former  being  liberated  and 
be  latter  combining  with  the  carbon  of  the  fuel.     Theoretically, 

000  cub.  ft  of  water-gas  contain  500  cub.  ft.  or  2  *  635  lb.  hydrogen, 
nd  500  cub.  ft  or  36*89  lb.  carbon  monoxide.  The  heat  developed 
Dd  absorbed  in  the  operation  will  be : — 

Heat-onlta. 
2*635  lb.  H  absorb  in  dissociation  from  water2*635\  .^q  q..^ 

X  62,000        1  163,370 

15-81  lb.  C  burned  to  CO  develop  15-81  x  4400  ..      ..       69,564 

Excees  of  heat-absorption  over  heat-development  . .      93 ,  806 

1  addition  to  the  energy  consumed  in  raising  the  coal  from  say  60^  F. 
>  1800®  F.  In  practice  a  further  source  of  loss  arises  from  physical 
HWttS.  While  the  generation  of  water-gas  is  very  rapid  and  com- 
lete  for  the  first  few  minutes,  long  before  tbe  bed  of  fuel  has  lost 
lOQgh  heat  to  stop  the  dissociation  of  water-vapour,  the  gas  will  be 
nod  to  contain  a  very  large  percentnge  of  steam,  which  continues  to 
tcrease  till  it  is  nearly  all  steam,  while  the  fuel-bed  is  still  at  a  good 
Mt  It  would  seem  from  this  that  there  is  a  coating  of  some  kind 
on  formed  on  the  fuel  that  prevents  the  oxygen  of  the  water  from 
mbining  with  the  carbon,  and  that  does  not  form  at  the  same  tem- 
mtnre  when  both  air  and  steam  are  used.  Some  engineers  think 
is  is  due  to  a  sort  of  fusion  of  the  ash,  making  a  thin  coating  on  the 
tr£ice  of  the  coal,  while  others  charge  it  more  to  a  rapid  cooling  of 
le  Borface,  or  both.  But  W.  J.  Taylor  asserts  that  when  the  tem- 
aratnre  of  the  fuel-bed  of  a  producer  is  too  low  to  make  water-gas 
erne,  it  is  plenty  hot  enough  for  making  gas  with  air  and  steam 
gether.  From  this  it  is  evident  that  more  water-vapour  can  be 
i«ociated  in  a  continuous  than  in  an  intermittent  process,  whence 
ises  a  richer  gas  and  better  utilisation  of  the  energy  of  the  fuel 
Dsiuned. 

So  much  misapprehension  exists  among  fuel  consumers  as  to  the 
B  of  heating  power  implied  by  esicaping  smoke  that  the  following 
•enrations  recently  published  by  R.  R.  Tatlock*  deserve  to  be 
delj  made  known.  This  well-known  authority  declares  that  the 
•  of  any  large  percentage  of  combustible  matter,  and  consequently 
heating-power,  is  quite  uut  of  the  question.  This  may  be  proved  in 
0  ways:  (1)  by  calculation  of  the  two  sources  of  heating-power  as 
}wn  by  an  ansdysis  of  coal  or  dross  used  for  steam-raising ;  and  (2) 

actaal  analysis  of  the  furnace  gases  for  combustible  solids  and 
bed. 

On  p.  228  are  given  the  results  of  these  two  methods  of  observation, 
g  same  dross  being  analysed  and  also  employed  as  fuel  in  a  works 
mace,  from  which  smoky  gases  were  given  off  which  were  tested  for 
ubnstible  matters. 

*  Gliemical  News,  1894. 
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1.  Analysis  of  dross  employed :— 

Per  ccp^ 

Gab,  tar,  &0.       87*63 

Fixed  carbon *     49-97 

Sulphur      0-4O 

Ash 2-72 

Water 9  28 


lOO-OO 

Heating  power  (practical)  due  to  gaa,  tar,  &c.    . .     . .       1:16 

„  „  „      fixed  carbon   ..     ..       6*49 

7-65 

The  points  to  be  observed  are  the  relative  proportions  of  heatii^ 
power  represented  in  the  analysis  by  the  number  of  pounds  of  wat< 
at  212°  F.  capable  of  being  evaporated  to  dryness  by  1  lb.  of  the  fa< 
given  out  respectively  by  the  combustion  of  gas,  tar.  ifea,  and  by  Htx 
fixed  carbon.  These  are  calculated  according  to  Piayfair's  well-know 
formula,  which  was  practically  tested  on  coak  intended  for  the  Britis 
navy,  and  which  snows  that  while  1  lb.  of  fixed  carbon  is  capabi 
when  burned  of  evaporating  13  lb.  of  water  at  212°  F.  to  dryne 
1  lb.  of  the  gas,  tar,  &c.,  will  only  evaporate  3'1  lb.  Prom  thei 
figures  it  appears  that  in  the  coal  or  dross  the  gas,  tar,  &c.,  only  cox 
tribute  15  per  cent,  of  the  total  heat  given  out  during  the  oombusticB 
and  that  the  fixed  carbon  produces  the  remainder,  or  85  per  cent.  I 
coals  with  less  of  the  former  ingredients  and  more  of  the  latter,  whic 
is  commonly  the  case,  the  proportion  given  out  by  the  volatile  ecu 
stituents  would  be  considerably  reduced.  It  is  thus  perfectly  clei 
that  even  though  the  whole  of  the  volatile  matters  (which  can  alon 
be  accountable  for  any  loss  of  combustible  material)  escaped  con 
bust  ion,  there  could  not  possibly  be  a  greater  loss  of  heat  than  15  pc 
cent,  of  the  whole,  even  in  such  an  extreme  case  as  this  represents. 

2.  Analysis  of  furnace  gases  given  off  during  the  burning  of  tli 
dross : — 

OaMt  Teiy  Gmm  almoet 

smoky.  free  from  raioke. 

Per  cent,  by  Pw  cent  by 

volume.  ▼olame. 

Carbonic  acid 5-0  3*5 

„      oxide        none  none 

Hydrocarbons trace  none 

Nitrogen 79*9  79-9 

Oxygen 151  16-6 


10000  100-00 

It  has  been  asserted  that  carbonic  oxide  is  given  off  in  considerab] 
quantity  when  much  smoke  is  being  produced,  but  it  does  not  app^ 
in  this  case ;  and  Herapel,  in  his  work  on  *  Gas  Analysis,'  comes  to  tii 
conclusion  that  little  or  no  combustible  gases  are  present  in  fama< 
gases.  He  says,  "  Furnace  gases  usually  contain  only  carbon  dioxidj 
oxygen,  and  nitrogen.  All  other  gases  are  present  in  but  very  smal 
amounts.  In  oft-repeated  analyses  the  author  has  always  found  onl 
traces  of  carbon  monoxide,  methane,  and  the  heavy  hydrocarbons. 
This  is  in  complete  accord  with  the  analyses  given  above,  and  it  m^ 
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be  taken  for  granted  that  the  presence  of  carbonic  oxide  or  other 
combngtible  gases  in  furnace  jcas'^s  is  a  most  unusual  occurrence. 
This  is  quite  conclusive  evidence  that  no  appreciable  loss  of  heat,  even 
when  the  iuraace  gases  are  smoky,  can  be  attributed  to  the  passing 
away  of  the  products  of  impeifect  combustion  in  the  gaseous  form  at 
ieast 

That  there  is  loss  of  combustible  matter  in  the  smoke  is  an  un- 
dooUed  fact,  but  the  quantity  seems  also  to  be  greatly  magnified  in 
certain  random  statements.  In  the  experiment  referred  to  above,  the 
loot  was  also  collected  during  1 J  hr.,  with  the  following  results : — 

Grains  per  100  cub.  ft.  of 
fumaoe  gases. 

Oftrbnnaceons  matter       30*81 

Ash  or  mineral  matter 20*65 

Total  soot 51*46 

It  will  be  observed  that  the  soot  collected  consisted  largely  of 
nineral  or  incombustible  matter.  In  several  experiments  to  estimate 
he  soot  in  furnace  gases  similar  results  were  obtained,  and  the 
iTerage  would  come  very  close  to  the  quoted  results  of  this  special 
est. 

To  find  how  much  carbonaceous  matter  is  actually  lost  as  smoke, 
twill  be  necessary  to  know  the  number  of  cubic  feet  of  furnace  gases 
;iven  off  by  the  combustion  of,  say,  1  ton  of  the  dross.  If  the  per- 
entage  of  carbonic  acid  in  the  furnace  gases  is  taken  at  5  per  cent., 
lie  total  volume  of  these  given  off  from  1  ton  of  dross  would  be  about 
40,000  cub.  ft.  measured  at  the  ordinary  temperature  and  pressure, 
Qd  this  would  contain  41  lb.  of  carbonaceous  matter  and  27  lb.  of 
mineral  matter.  This  would  represent  1  •  8  per  cent,  of  the  volatile 
letters  (gas,  tar,  &c.)  given  in  the  analysis  of  the  dross ;  and  if  from 
^is  is  now  calculated  the  heating  power  according  to  Play  fair's 
'nnala,it  will  only  come  to  0'067.  This  figure,  compared  with  the 
rsctical  heating  power  (7  •  65)  of  the  dross,  goes  to  show  that  the 
^d  combustible  matter  of  the  smoke  can  only  account  for  the  very 
iiall  percentage  of  0*74  of  the  total  heating  power  which  can  be 
)tained  from  the  coal. 

From  the  results  of  these  experiments  it  is  evident  that  the  loss  of 
*abnstible  matters  in  smoke  is  very  small  indeed,  and  that  the  belief 
immense  loss  by  this  cause  is  simply  a  &llacy,  and  not  corroborated 
^  experiment.  In  adopting  methods  of  removing  the  smoke  nui- 
Dce,  it  must  therefore  be  borne  in  mind  that  there  is  little  or  no 
^  in  burning  smoke,  and  that  other  methods  of  dealing  with  the 
oblem,  such  as  Dulier's  smoke  absorption  process,  ought  also  to 
teire  consideration. 
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FULLERS'  EABTH.  * 

This  material  cannot  be  said  to  possess  a  definite  chemical  oomp 
sition,  but  in  general  terms  it  may  be  described  as  an  unctuous  so 
silicate  of  alumina.  Two  varieties  are  distinguished  in  the  trad 
one  hayinff  a  blue  cast  of  colour,  the  other  a  yellow.  Analyses  sho 
the  following  ayerage  percentages : — 

Blue.       Yellow. 

Alnminoiu  earth 18  11 

SilioiooB  earth 42  44 

Lime         4  5 

Maiprnena 2  2 

Oxide  of  iron 6  10 

Soda 5  5 

Water       23  28 

The  fullers*  earth  beds  which  are  worked  in  Bedfordshire  ai 
Surrey  occur  in  the  Lower  Qreensand  formation,  whereas  those  ei 
countered  near  Bath  belone  to  the  Oolitic  age.  There  are  numeroi 
other  occurrences  of  fullers  earth  in  various  formations  in  other  par 
of  England,  but  they  have  not  yet  attained  any  degree  of  industri 
importance,  nor  does  their  quality  in  most  instances  indicate  tk 
such  will  be  likely  in  the  future. 

Usually,  fullers'  earth  deposits  are  worked  by  stripping  the  ovc 
burden  and  quarrying  the  mineral  by  open  cuts,  but  in  the  Wobm 
Sands,  properly  timbered  underground  galleries  are  now  driW 
replacing  the  series  of  little  independent  pits  or  '*  earth  wells  **  wh« 
were  fietvoured  when  the  industry  was  in  the  hands  of  numerous  snu 
operators. 

The  mineral  as  taken  from  the  workings  is  always  mixed 
more  or  less  foreign  substances,  and  needs  preparation.    This  coi 
in  crushing  and  levigating,  by  which  the  finest  particles  (or  val 
portion)  are  carried  ofi*  in  suspension  by  a  stream  of  water  to  seti 
tanks,  while  the  coarser  (chiefly  impurities)  are  arrested,  quite  a 
length  of  shallow  trough  with  slight  ribs  across  the  bottom 
necessary  to  effect  complete  separation.    The  apparatus  is  call 
*'  maggie  "  in  Devonshire  and  Somersetshire.     Finally  the  impalp 
mud  of  fullers'  earth  is  dried,  first  by  standing  for  a  long  time 
tanks,  from   which   the  water  is    drawn  off  by  degrees   from 
surface  downwards  by  means  of  little  holes  in  the  sides,  stopped 
pegs ;  and  lastly  by  applying  fire  beneath  a  very  large  shallow  ta 
with  a  floor  of  porous  tiles,  lying  over  a  series  of  wide  flat  flues, 
heat  from  the  fire  passing  through  aU  the  flues  to  a  chimney, 
thus  sucking  much  of  the  moisture  through  the  porous  floor. 

Fullers'  earth  possesses  great  detergent  power,  and  is  much  \ 
for  cleaning  woollen  goods  froiii  grease,  and  in  refining  oils  and  Is 
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quantities  being   sent   from   England    to   Chicago   for   the   latter 
porpose. 

There  seems  to  be  much  difference  of  opinion  *  among  oonsumers 
«8  to  the  respective  merits  of  yellow  and  blue  earth.  Probably  there 
18  ]ittie  to  choose  between  them,  except  that  the  greater  prevalence  of 
iron  salts  in  the  bine  kinds  may  be  detrimental  in  some  applications. 
The  Wobnm  earth  is  less  calcareous  than  that  of  Bath ;  and  there  is 
more  iron  in  those  of  Bedford  and  Surrey  than  in  that  of  Gloucester. 
Jktensive  beda  of  earth  occurring  at  Bhiwlas,  N.  Wales^f  while 
^nneising  almost  exactly  the  same  composition  as  some  earth  from 
Kntfield,  Surrey,  present  a  ^reat  contrast  in  physical  characters,  being 
10ft,  earthy,  friable  and  dai^  grey,  iuBtead  of  hard  and  greasy  feeling. 

^  A.  G.  G.  Cameron.  '*  Geology,  Mining,  and  Economic  Uses  of  Fallen'  Earth," 
Tnas.  Fed.  Inst  Min.  Engs.,  vi.  204. 
t  P.  G.  Sanfoid,  GeoL  Mag.,  x.  160. 
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GEMS. 

Under  this  heading  are  included  the  few  precions  mineral  prodncti 
used  for  personal  adornment  in  the  form  of  jewellery,  and  comprising 
chiefly  the  diamond,  emerald,  lapis  lazuli,  opal,  ruhy,  sapphire,  topaz, 
and  turquoise.  Semi-preoious  stones  such  as  agate,  calcedony,  (hijx, 
&c.,  used  in  architectural  display  are  embraced  under  Stone. 

Dtamond. — In  composition  the  diamond  is  pure  carbon ;  it  has  \ 
sp.  gr.  of  3*515-3-525,  its  hardness  is  10,  and  its  hue  Taries  &om 
colourless  transparency  to  white,  grey,  brown,  red,  yellow,  green, 
blue,  and  even  black. 

The  by  far  most  important  diamond  fields  of  the  present  day  lie 
in  Griqualand  West,  a  portion  of  Cape  Colony,  chiefly  in  a  radius  of 
1^  miles  around  the  De  Beers  mine,  in  a  blue  conglomerate. 

The  diamantiferous  or  ''blue"  ground  is  a  hard,  dark  greenish* 
blue  cement,  which  requires  to  be  Inasted  with  dynamite.  It  might 
properly  be  called  a  brecciated  rock  or  cement,  since  the  mass  is 
composed  of  angular  pieces  of  black  shale,  irregular  pieoes  of  mica 
and  several  more  or  less  decomposed  minerals,  all  imbedded  in  a  miM 
of  indurated  talc,  or  rook  of  that  nature. 

Large  uiasses  of  **  floating  "  shale  or  reef  are  found  imbedded  ia 
the  *'blue,"  also  basaltic  boulders  from  one  foot  to  many  feet  in 
diameter.  These  are,  without  doubt,  portions  of  the  rook  whiok 
surrounded  the  opening  or  crater  before  the  deposit  of  the  **blne" 
was  made. 

Gardner  Williams  is  of  opinion  that  the  formation  of  the  diamond- 
bearing  deposits  was  due  to  aqueous  rather  than  igneous  agencies— 
possibly  to  something  in  the  nature  of  mud-volcanoes.  His  reasom 
for  this  belief  are,  first,  the  physical  appearance  of  the  mass  of 
diamond-liearing  ground,  and,  second,  the  existence  of  the  diamonds 
themselves,  the  presence  of  which  seems  more  natural  in  an  aqueous 
than  an  igneous  deposit 

That  the  masses  of  diamantiferous  material  occupy  the  craters  oC 
former  volcanoes,  there  is  but  little  doubt. 

In  whatever  manner  the  diamonds  may  have  been  formed,  thej 
must  have  been  crystallised  before  they  were  deposited  in  the  mass  is 
which  they  now  occur.  No  diamonds  have  been  found  either  in  the 
shale  or  in  the  hard  rock  surrounding  the  ''blue,'*  as  might  bi 
expected  if  the  diamonds  had  crystallised  where  they  are  found 
Again,  a  great  many  fragments  of  broken  diamonds  are  found,  and 
the  corresponding  pieces  are  not  found  near  them,  showing  that  they 
are  not  in  their  onginal  position. 

One  fact  deserves  special  mention,  namely,  the  variety  d 
diamonds  not  only  in  difi'erent  mines,  but  in  different  parts  of  thi 
same  mine.     It  requires  no  great  skill  to  determine  from  which  pboi 
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\  lot  of  stoDes  haTo  been  taken.  The  peculiarities  consist  in  colour, 
size,  oryttallisation,  black  spots  in  the  crystals,  and  the  amount  of 
broken  or  irregularly  shaped  nieces,  called  **  bort." 

In  one  part  of  the  mine  tne  stones  are  perfect  octahedrons,  while 
in  another  part  the  crystallisation  is  more  imperfect;  in  one  part 
the  stones  will  be  white  while  in  another  the  majority  of  stones  will 
be  yellow. 

The  original  system  of  mining  the  Eimberley  ground,  namely  by 
open  quarry,  was  the  best  for  a  depth  of  say  2^  ft.,  because  the 
mine  could  have  been  worked  in  no  other  way  while  the  claims 
were  operated  by  indiyidual  owners.  But  as  soon  as  a  greater 
depth  was  attained,  the  removal  of  the  surrounding  **  reef"  and  the 
tlmost  constant  covering  up  of  some  part  of  the  mine  with  fallen 
leeC  rendered  the  cost  of  mining  very  great  and  also  prevented  the 
mining  of  the  "  blue  "  for  monws  at  a  time  in  the  covered  parts  of 
the  mine. 

Two  methods  are  now  advocated  for  working  the  mine.  Many 
ding  with  pertinacity  to  the  old  open-mine  method,  and  advocate 
the  removal  of  the  shale  to  an  angle  of  safety,  so  that  it  would  be 
impoKible  for  it  to  cave  into  the  mine.  The  friends  of  this  method 
«re  relying  upon  the  hard  rock  remaining  in  place,  when  exposed 
ibr  several  hundred  feet  in  depth.  The  enormous  quantity  of  shale 
(4,679,000  cub.  yd.)  to  be  removed  makes  this  method  too  expensive ; 
and  besides,  sooner  or  later  the  hard  rock  would  give  way  and 
the  mine  be  filled  with  huge  masses  of  exceedingly  hard  rock.  The 
ooet  of  removing  this,  should  it  fall  into  the  mine,  would  be  very 
peat 

The  other  method  of  working  the  mine  is  by  sinking  shafts,  in 
the  solid  ground  outside  of  the  mine,  and  drifdng  to  uie  **blue'* 
ground.  The  *'blue"  ground  can  then  be  mined  by  drifting  and 
sloping.  The  greatest  difficulty  in  the  way  of  close  mining  is  the 
Kardtv  of  timber.  All  timbers  and  other  lumber  have  to  be  brought 
&om  ^e  Baltic  or  from  America.  The  ground  must  therefore  be 
ttined  with  the  use  of  as  few  timbers  as  possible. 

The  depth  of  the  diamond-bearing  deposit  is  wholly  unknown, 
Old  has  not  been  tested  by  boring.  The  blue  ground  is  richer  below 
ittn  it  was  near  surface.  The  water  pumped  out  yearly  is  11-13 
luUion  gaL,  at  a  cost  of  6(2.  per  100  gal. 

The  diamantiferous  '*  blue "  ground  is  blasted  out  in  the  mines, 
i&d  hauled  to  surface  by  large  skips  working  in  inclined  shafts, 
rbe  De  Beers  No.  2  shaft  (Fig.  86)  is  capable  of  landing  3000  tons  a 
lay. 

The  unit  of  measurement  locally  employed  is  the  **  load,''  1  load, 
r  truckful,  weighing  22-25  cwt.  Each  skip  of  the  pair  at  this  shaft 
^gB  up*  ai^d  automatically  dumps  into  a  hopper,  sufficient  material 
0  make  8  or  4  loads  per  ascent.  A  train  of  empty  detached  trucks  is 
vought  underneath  tiie  shoot  by  which  the  hopper  is  discharged,  and 
<  truck  after  truck  is  filled,  it  is  attached,  bv  means  of  a  Y  fork  on 
he  top  of  the  truck,  to  a  slow-travelling  endless  wire  cable,  which 
onveys  the  train  along  a  tramway  to  the  weathering  floors.  A 
ontinuous  train  of  loaded  trucks  may  be  thus  seen  in  procession. 
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from  the  ooonter  which  projeots  over  the  tram  line,  engaging  each 
truck  as  it  passes.  The  mining  and  hauling  capabilities  of  the  plant 
are  in  excess  of  the  facilities  for  the  subsequent  treatment  of  the 
"  blue  ground  " ;  thus,  in  the  first  year  of  the  Consolidated  Company's 
operations,  while  some  950,000  loads  were  mined  and  hauled,  only 
some  720,000  loads  were  washed  for  diamonds.  A  reserve  of  ''  blue 
ground"  is  thus  being  accumulated,  and  a  longer  period  can  be 
allowed  for  its  more  complete  disintegration  on  the  weathering  floors 
before  it  is  washed  for  diamonds. 

The  weathering  floors  are  widely  scattered  over  the  company's 
property,  and  together  cover  an  area  which  may  be  estimated  in 
square  miles.  XJpon  these  floors — which  are  simply  areas  of  hard 
rolled  ground,  moderately  level,  and  free  from  vegetation — the  lumps 
of  "  blue  ground,"  in  stones  measuring  from  about  9  in.  diam,  down- 
wards, are  spread  out  in  a  shallow  layer  not  more  than  12  in.  deep. 
The  length  of  time  for  which  the  diamantiferous  earth  is  thus 
expof^ed  to  atmospheric  influence  is  generally  about  one  year,  but  by 
turning  over  the  lumps,  harrowing  tiie  stuff,  and  artificially  watering 
it»  its  disintegration  can  be  greatly  hastened,  and  the  whole  made 
ready  for  washing  after  an  exposure  of  6  months,  or  even  less. 

The  first  treatment  of  the  weathered  '*  blue  ground  "  is  conducted 
in  a  number  of  small  isolated  works,  situated  for  convenience  in 
proximity  to  the  different  weathering  floors.  To  all  intents  and 
purposes  this  first  treatment  is  the  same  as  that  pursued  by  those 
who  are  engaged  in  rewashing  old  heaps,  only  the  plant  of  the 
Consolidated  Company  is  in  all  cases  larger,  and  is  actuated  by  steam 
power  instead  of  by  manual  labour.  The  disintegrated  mass,  when 
agitated  with  an  excess  of  water,  yields  a  fine  clay  mud,  which  over- 
flows bj  a  lip  on  the  edge  of  the  pan,  to  be  raised  by  bucket  elevators 
to  the  summit  of  the  debris  heap,  over  which  it  is  poured,  while  the 
granular  residue  remaining  in  the  pan  is  reserved  for  the  second 
treatment.  Owing  to  the  scarcity  of  good  building  stone,  the 
retaining  walls,  to  support  the  debris  heaps  as  they  grow  higher  and 
higher  hj  the  continual  addition  of  waste  mud,  are  constructed  of 
large  and  heav^  sand-bags,  flattened  out  and  piled  one  on  top  of 
another.  An  illustration  of  one  of  these  establishments  is  given 
in  Fig.  87. 

Near  the  central  works  of  the  Consolidated  Company,  at  which 
the  diamonds  are  finally  separated,  there  is  a  washing  installation  of 
oonnderably  larger  size,  but  it  is  worked  on  precisely  the  same 
principle  as  the  smaller  ones.  It  consists  of  a  series  of  some  10  pans, 
at  different  levels,  and  the  waste  mud  from  all  of  them  is  run  by 
gravitation  to  depositing  tanks  beneath  the  lowest  of  the  series. 
IVom  these  the  mud  is  discharged  by  sluioe  doors  into  iron  box- 
f^arnages  of  about  80  gal.  capacity,  and  these  are  transported  by  an 
iierial  wire-rope  railway  to  tne  summit  of  a  debris  heap,  200  or  300 
yd.  distant,  where  they  are  automatically  tipped  and  emptied. 

The  granular  residue  from  the  various  washing  establishments  is 
Domr  conveyed,  for  the  second  treatment,  to  the  central  works,  known 
locally  as  ih&  ''  pulsators."  These  pulsators  consist  simply  of  a  small 
ryrdinary  ore-dressing  plant,  such  as  is  universally  employed  for  the 
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purpose  of  Beparating  and  concentrating  poor  ores  of  copper,  lead,  and 
other  minerafs.    It  comprises  two  sets  of  jigs  (right-hand  and  left- 


hand)  having  4  compartments  each,  and   fitted  with  the  neoenaiyl 
sizing  and  classifying  trommels.      The  alternating  ebh  and   fiovj 
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movement  of  the  water  iu  the  jigs  frees  the  gravel  from  all  adhering 
mud,  and  allows  the  diamonds  to  be  readily  detected  afterwards.  This 
plant  is  capable  of  treating  5000  loads  of  diamantiferous  oonoentrates 
a  day,  this  being  the  product  from  the  washing  of  50,000  loads  of 
'*  blae  ground." 

From  the  pulsators,  the  clean,  and  uniformly-sized  gravel  and 
mud  of  four  grades  of  fineness,  is  removed  to  the  sorting  tables,  to  be 
carefdlly  looked  over  and  picked  by  hand,  in  the  same  way  as  the 
sands  from  the  re-washed  old  heaps.     The  sorting  tables  are  placed 
underneath  a  long  shed,  open  in  front  to  a  commodious  yard,  the 
whole  of  this  department  being  enclosed  by  a  substantial  wall  and 
guarded   by  sentries.      The  examination  of  the  coarser  gravel   is 
entmsted  to  white  men,  either  English  or  Africander.      They  are 
paid  iw'ell,  and  are  not  subjected  to  the  ignominy  of  being  searched 
before  leaving  work  as  are  the  Kaffirs.     The  finer  gravel  or  sand  is 
scmtiiiiaed  entirely  by  Kaffirs,  most  of  them  being  convicts.     Tin 
ressels,  with  inverted  conical  lids  having  a  small  hole  at  the  apex  and 
closed  by  locks,  the  \ejs  of  which  are  kept  by  the  superintendent  of 
the  department,  are  piaced  on  each  sorting  table,  and  every  diamond, 
as  Boon  as  it  is  discovered,  must  be  dropped  into  this  receptacle. 
Bouf^hly  speaking,  the  average  yield  of  diamonds  per  load  of  *'  blue 
ground  "  is  1  to  1^  carat,  but  the  value  of  the  carat  is  liable  to  con- 
siderable  fluctuations.      During  the  first  year  of  the  Consolidated 
Company's  existence,  thet  realised  value  per  carat  was  just  under  20«., 
while  during  the  second  year  nearly  d3«.  per  carat  was  realised,  the 
total  output  being  1,608,880  carats,  valued  at  2,641,558/.     Very  many 
of  the  stones  are  **  off-coloured,  and  do  not  realise  the  price  per  carat 
of  stones  from  river  workings. 

A  large  amount  of  manual  labour  is  required  on  the  floors  in 
picking  and  spalling  the  lumps.  A  new  method  of  rolling  and 
harrowing  the  blue  ground  was  introduced  by  A.  W.  Davis,  the  general 
manager  of  the  Bultfontein  Company.  Thiis  company  formerly  used 
rollers  and  harrows  drawn  bv  cattle  in  the  usual  manner  adopted  by 
other  mines.  The  new  method  is  the  adaptation  of  a  22-ton  steam 
roller,  the  hind  rolls  of  which  are  7  ft.  and  the  front  rolls  4  ft.  7  in. 
diam.  The  roller  covers  a  9-ft.  track.  Steel  ribs  are  bolted  dia- 
gonally to  each  roller,  and  a  harrow  is  attached  to  the  back  of  the 
tender.  After  the  blue  ground  is  crushed  by  the  roller  teeth,  it  is 
turned  up  for  a  second  crushing  by  the  harrow.  This  process  is  con- 
tinned  nntil  the  desired  degree  of  fineness  is  obtained.  It  dispenses 
with  the  costly  and  tedious  method  formerly  employed,  and  renders 
the  mine  independent  of  ^he  natives  on  the  crushing  floors.  Further, 
it  tends  to  check  diamon  .  stealing,  as  more  diamonds  have  been  stolen 
Ax>m  the  floors  than  from  elsewhere.  Although  coal  costs  82.  per  ton, 
the  coBtof  running  the  ruxler,  inclusive  of  everything,  does  not  exceed 
50L  a  -week. 

The  washing  machine  or  pan  is  made  of  steel,  10  to  15  ft.  diam. 
and  1^  to  2  ft.  deep.  This  is  fixed,  and  from  the  central  shaft  the 
arms,  10  in  number,  are  revolved.  On  these  are  fixed  several  knives 
ijt  teeth,  the  object  of  which  is  to  agitate  the  material  under  treat- 
iDent«     These  reach  to  within  \  in.  of  the  bottom  of  the  pan.     The 
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stufif,  mixed  with  water,  enters  at  the  outer  rim  of  the  pan,  and  tlie 
light  waste  is  taken  away  at  the  oentre.  The  tailings  are  lifted  by 
means  of  an  elevator  and  banked,  the  bank  in  some  cases  reaching  a 
height  of  60  ft.  At  the  top  of  the  elevator  the  buckets  deliver  2ie 
tailings  on  a  suitable  screen  on  which  most  of  the  solid  matter  nms 
to  waste,  while  the  thick  water  is  led  back  by  a  launder  to  the 
machine  to  assist  in  forming  a  '*  puddle  '*  of  sufficient  density  to  flott 
the  lighter  stones  in  the  pan,  and  allow  only  the  heaviest  gravel  to 
accumulate  at  the  bottom.  At  the  end  of  the  day's  work  the  machine 
is  stopped,  and  the  contents  of  the  pan  are  taken  out  to  be  submitted 
to  a  cleaning  process  by  means  of  the  pulsator,  cradle,  or  small  gravi- 
tating machine.  It  is  then  brought  to  the  sorting  table.  Great  caie 
must  be  taken  in  fixing  the  pans  truly  leveL  To  test  the  efficiency 
of  the  machines,  it  is  the  practice  to  put  in  a  few  inferior  or  curiously 
shaped  diamonds  which  may  be  easily  recognised  by  the  watchers. 
These  are  called  tent  stones,  and,  if  the  machine  is  working  well,  are 
invariably  found  again  amongst  the  residue  in  the  pan. 

The  cradle  machine  consists  of  a  tier  of  2  or  3  square  sieves  on  a 
pair  of  rockers.  The  top  sieve  is  the  coarsest  and  retains  the  largest 
stones,  whilst  the  mud  and  sand  are  washed  through. 

The  river  diggings  may  be  said  to  be  all  in  alluvium,  which  con- 
sists of  a  heavy  deposit  of  ferruginous  gravel  mixed  with  red  sand  and 
boulders.  The  same,  no  doubt,  was  washed  and  imbedded  in  the 
crevices  of  the  rock  by  floods,  as  a  large  number  of  river  diamonds  are 
found  coated  with  oxide  of  iron,  and,  if  cracked,  it  will  be  found  that 
this  has  penetrated.  As  a  natural  consequence  the  stone  is  discoloured, 
and  this  has  a  tendency  to  interfere  with  its  value,  but  notwithstand- 
ing this,  they  are  generally  free  from  faults  and  flaws. 

Sometimes  a  portion  of  the  old  river  bed  is  found,  where  the  stones 
as  a  rule  are  very  good.  Explosives  are  seldom  used.  The  boulders 
and  large  stones  are  thrown  aside,  and  the  diamantiferous  gravel  is 
excavated  with  pick,  shovel,  and  crowbars  in  the  ordinary  way.  Tliis 
gravel  varies  at  various  diggings.  The  average  will  be  found  to  be 
in  something  like  the  following  proportions :  one  of  boulders,  which 
must  be  thrown  away,  one  of  rough  stones,  to  be  served  likewise,  one 
of  fine  sand,  and  finally,  the  productive  gravel  which  remains  to  be 
treated.  The  following  is  the  chief  mode  of  their  working  and 
washing.  There  is  a  sifting  machine  termed  "  baby  "  which  oonsists 
of  an  oblong  sieve,  about  5  ft.  long,  and  of  very  fine  mesh.  It  swings 
by  4  ropes,  or  thongs,  sometimes  by  small  chains.  It  is  fixed,  as  a 
rule,  with  4  nearly  upright  poles,  slightly  inclined,  so  that  the  gravel 
may  roll  over  it.  At  the  top,  or  feeding  end,  a  sieve  about  2  ft.  square 
is  fixed  over  the  baby,  and  this  will  admit  of  small  pebbles  passing 
through.  The  ground  taken  from  the  claims  is  put  into  the  square 
sieve ;  the  native  or  boy  standing  at  the  head  swings  it  to  and  fro, 
and  thus  makes  the  separation,  the  roughs  and  finest  being  thrown 
away  as  refuse.  The  medium  size  gravel  which  has  been  caught  at 
the  bottom  end  of  the  baby,  as  a  rule,  contains  the  diamonds.  If 
there  should  be  a  large  stone  it  ought  to  be  immediately  noticed  by 
the  man  who  is  placed  at  the  head  or  top  of  the  machine,  and  whose 
duty  it  is  to  continually  throw  the  rough  stones  out  in  order  to  make 
room  for  the  other  ground  to  be  treated.     Any  diamond  so  small  a? 
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to  pa88  thnmgh  the  sieve  with  the  fine  sand  is  not  worth  the  trouble 
of  searching  for.  This  process  is  called  dry  sorting.  In  the  next 
("  wet "  or  "  gravitating ")  use  is  made  of  a  round  sieve,  similar  to 
those  used  in  copper  mining,  with  the  handles  taken  off,  so  that  when 
the  serving  is  settled  by  its  operator,  it  is  taken  up  out  of  the  water, 
and  turned  upside  down  on  the  sorting  table.  If  he  has  managed  his 
work  properly,  all  the  heavy  deposits  will  appear  on  the  surface  of 
the  mould  or  bottom  contents  of  the  sieve,  and  consequently,  at  a 
glance,  the  diamonds,  if  there  should  be  any,  would  be  discovered. 
To  guard  against  the  risk  of  losing  any,  he  dissects  the  whole  of  the 
contents  of  the  sieve  with  what  we  should  call  a  scraper,  known  to 
him  as  a  sorting  knife.  After  a  careful  examination  the  whole  is 
hrnshed  off  from  the  table  to  continue  the  treatment  of  a  fresh  supply. 
An  ezperienoed  sorter  can  tell  from  the  appearance  of  the  deposit 
whether  there  is  a  chance  of  finding  or  not;  finding  the  heaviest 
itones  that  occur  in  diamond-bearing  gravel  is  a  sure  sign  of  the 
presence  of  these  precious  stones.  This  is  particularly  the  case  if  a 
peculiarly  marked  pebble,  streaked  with  a  succession  of  parallel  rings, 
known  by  the  name  of  "  Banddoom,"  the  specific  gravity  of  which  is 
almost  the  same  as  the  diamond,  is  present,  and  where  the  former  is 
/bund  the  latter  may  be  confidently  expected.  The  average  quantity 
of  maiden  ground  that  a  man  can  excavate  per  day  is  about  \\  loads 
of  rough  gravel  and  sand,  which,  after  being  put  through  the  machine 
ur  baby,  yields  \  load  of  pebbles  to  be  washed,  costing  for  picking, 
sifting,  and  vrashing,  2<.  6kl.  per  load  of  22^  cub.  ft.,  or  thereabouts. 


PBODucnoN  OP  Diamonds  at  thb  De  Beebs  Consolidated  Mines. 
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HuUted. 

Lottds 
Waabed. 

Caratu 
Found. 

Valne. 

Carats 

per 

Load. 

Value  per 
Carat. 

Cost 
per 

Loads 
on  Floors, 

CtOM» 

of  Year. 

•9    ,    944,706 
»    5,192,226 
a     1,978,153 
n     3,338,553 
t30 

712,263 

1,325,400 

2,105,182 

•3,239,134 

914,121 
1,450,605 
2,020,515 
3,035,481 

£          «.     d. 

901,118    0    5 
2,330,179  16    3 
2,974,670    9    0 
3,931,512  11     1 

1-283 

1-09 

•96 

•92 

£     «.      d. 

0  19     8j 

1  12     61 
I     9     6 
1    5    6 

«.      d 
9  10} 
8  10} 
8    8 
7    4f 

476,403 
1,676,821 
1,449,792 
1,624,803 

•  And  Du  Toil's  Pan  and  Bultfonteln  454.278. 
Touk.  7^430,722  cftralB,  valued  at  10,148.3102.  \U.  Od.    Dividends  paid  since  1888,  2.840,9361.  ISi . 


Dividends  Paid. 


Date. 


1888 
1889 

1890 

1891 

1892 
Jane  30 


Amount. 


£  i. 

188,329  10 
394,786  10 
394,895  10 
394.895  10 
394,895  10 
394,895  10 
493,619  7 
493.619  7 


d. 

0 
0 
0 
0 
0 
0 
6 


Equal  to 


percent. 
5 

10  I 
10/ 
10  \ 
10/ 
10  \ 
12}/ 
12} 


Capital. 


3,937,050 
3,948,955 

3,948,955 

3,948,955 
3,948,955 
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Seoond  in  importanoe  among  diamond-producing  oonntries  is 
India,  where,  according  to  Ball,*  are  3  extensive  tracts,  widely  sepa- 
rated from  one  another,  in  which  the  diamond  is  known  to  occur ;  and 
others  where,  although  the  fact  of  the  oocnrrence  of  diamonds  his 
been  recorded,  information  in  reference  to  the  circumstances  connected 
therewith  is  less  perfect. 

The  most  southern  of  these  tracts,  or  part  of  it,  has  long  home  a 
familiar  name,  which,  however,  must  be  characterised  as  being,  to  a 
certain  extent,  a  misnomer.  Goloonda  (Eala-Eandar),  itself  neTer 
produced  diamonds ;  it  was,  in  fcujt,  merely  the  mart  where  they  were 
bought  and  sold.  The  districts  included  in  this  southern  tract,  in  the 
Madras  PresideDcy,  where  are  or  have  been  diamond  mines,  are  Eada- 
pah  (Cuddapah),  Bellary,  Eamul,  Eistna,  and  Godavari. 

The  second  great  tract  occupies  a  considerable  area  between  th« 
Mahanadi  and  Godavari  rivers.  Although  diamonds  are  known  but 
from  two  neighbourhoods  within  it,  still  it  is  not  improbable  that  the 
diamond-bearing  strata  may  have  a  wide  range.  The  two  neighhonr- 
hoods  referred  to  are  Sambalpur,  with  the  bed  of  the  Mahanadi  for 
many  miles  above  it,  and  Wairagarh  or  Weiragud,  80  mil^  to  the 
south-east  of  Nagpur.  Again,  as  an  outlier  to  this  seoond  tract,  aia 
two  or  ttiree  localities  within  the  province  of  Chutia  Nagpur,  where 
diamonds  have  been  found. 

The  third  great  tract  is  situated  in  Bundelkhand,  near  one  of  the 
chief  towns  in  which,  Panna,  some  of  the  principal  mines  are  situated; 
but  there  are  others  scattered  about  in  various  parts  of  that  province. 

At  Panna  diamonds  are  only  known  certainly  to  occur  ui  Mte  in  a 
conglomerate  which  is  referred  to  the  Bewah  group  (Upper  Tin- 
dhyan).  There,  however,  as  elsewhere,  are  numerous  workings  ia 
alluvial  or  superficial  deposits ;  but  the  greatest  amount  of  labour  is 
spent  in  mining  in  this  the  bottom  bed  of  the  group,  which,  thou^ 
it  has  a  wide  extension,  has  onlv  as  yet  been  ascertained  to  be  diamoE^ 
bearing  in  the  neighbourhood  of  Panna  town.  Although  diamonds 
have  not  been  obtained  directly  from  any  lower  group,  it  wooli 
appear  that  this  conglomerate  is  largely  made  up  of  pebbles  derived 
from  the  lowest  or  Semri  sandstone  group  (Lower  Yindhyan),  and 
since  it  is  stated  by  the  native  miners  that  diamonds  are  sometimea 
found  in  these  pebbles  when  broken  up,  it  would  seem  that  tJie  lattac 
mnst  include  an  earlier,  if  not  the  original  matrix  of  the  gem.  Thif 
point  is  of  great  interest,  since  it  brings  us  to  a  horizon,  the  base  ol 
the  formation,  which  is  strictly  comparable  with  that  of  the  Banagao- 
pilly  group  (Eamul),  which  includes  the  lowest  known  matrix  ii 
Southern  India. 

The  ordeY  of  succession  of  the  rooks  in  the  Mahanadi-Gk>davaii 
tract  has  not  yet  been  fully  ascertained ;  but  from  the  fact  of  the  onlj 
known  localities  where  the  diamond  occurs  being  situated  on  thi 
margins  of  the  area,  it  may  with  a  considerable  degree  of  probi^liQ 
be  assumed  that  the  matrix  is  in  a  bed  dose  to  the  base  of  the  fomi* 
tion. 

Some  interesting  remarks  by  Griesbach  have  been  published  njMi 
the  correlation  of  the  Vindhyan  rocks  of  India  with  certain 
♦  *  Economic  Geology  of  India/ 
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occnrriBg  in  South  Africa,  to  one  of  which  the  sandstones  of  the 
Table  Mountain  belong.  The  possibility  of  the  original  matrix  of 
the  Cape  diamonds  belonging  to  a  period  or  horizon  directly  com- 
parable to  that  which  includes  the  Indian  diamonds,  is  a  subject 
worthy  of  fdture  investigation.  It  is  noteworthy  that  a  rock  very 
similar  to  Indian  laterite  appears  to  occur  in  the  same  parts  of  Africa, 
and  that  the  Glondwana  rocks  are  also  represented  in  that  country. 
A  comparison  of  the  geology  of  Borneo  with  that  of  India  may  also 
prore  productive  of  interesting  results  in  this  respect. 

According  to  King,  the  quartzites  of  the  Banaganpilly  group 
form  a  cap,  resting  unoonformably  on  the  denuded  sunace  of  a  much 
older  set  of  shales  and  traps  with  some  limestone  bands.  The 
quartzite  covering  is  20-30  ft.  thick,  and  it  is  pierced  here  and  there 
»ver  the  Banaganpilly  end  of  the  hill  by  shafts  of  15  ft.  or  less,  from 
the  bottoms  of  which  nearly  horizontal  galleries  are  run  to  get  at  the 
earns  of  diamond  gangue.  The  capping  is  composed  of  compact  grits 
md  sandstones  in  thickish  beds  above,  and  somewhat  thinner  bedded 
towards  the  bottom. 

Externally  the  rocks  are  hard  and  vitreous.  At  the  level  of  the 
Series  there  are  beds  of  coarse  pebbly  conglomerate,  occasionally  a 
breccia,  which  are  sandy  and  clayey,  and  with  these  run  seams  of 
Qore  shaly  and  clayey  stuff.  There  is  no  trace  of  the  clayey 
onstitation  on  the  outside  along  the  outcrop,  nor  are  there  any 
iistinct  bands  of  shales ;  there  are  only  some  sandy  shales  down  at,  or 
ear,  the  bottom  of  the  series. 

In  the  mines  the  coolies  pick  out  a  seam  about  6  or  8  in.  thick, 
ocnrring  with  thicker  and  harder  beds  of  sandstone,  as  the  diamond 
ijer;  this  rock  is  an  easily  broken-up,  damp,  clayey  conglomerate, 
id  partly  breociated,  of  small  rounded  fragments  and  pebbles  of 
lack,  red,  green,  and  pale  coloured  shales  and  cherts,  and  of  quartzite 
ith  large  and  small  grains  of  dirty  and  pellucid  quartz.  The 
mgne  is  pounded  up,  washed,  sifted,  and  laid  out  to  dry  on  prepared 
)or8,  after  which  the  residue  of  clean  sand  is  carefully  examined  in 
le  hand,  by  the  women  and  children  of  the  working  parties,  for  the 
ims. 

With  r^ard  to  the  origin  of  the  Sambalpur  diamonds,  the 
)ological  structure  of  the  country  leaves  but  little  room  for  doubt 
to  the  source  from  whence  they  are  derived.  Coincident  with 
eir  oocurrenoe  is  that  of  a  group  of  rocks,  referable  to  the  Lower 
bdhyan  or  Eamul  series,  certain  members  of  which  series  are  now 
and,  or  are  believed  to  have  formerly  existed,  in  the  vicinity  of  all 
e  known  diamond-yielding  localities  in  India,  and  in  the  case  of 
toal  rock-working  include  the  matrix  of  the  gems. 
The  fact  tiiat  &e  place  (Hira  Ehund)  where  the  diamonds  were 
i«hed  for  is  on  metamorphic  rocks,  may  be  readily  explained  by  the 
jsical  features  of  the  ground.  The  rocky  nature  of  the  bed  there, 
d  the  double  channel  caused  by  the  island,  afforded  unusual 
:ilities  for,  in  the  first  place,  the  retention  of  the  diamonds  brought 
wn  by  the  river,  and  secondly,  for  the  operations  by  which  the  bed 
[lid  on  one  side  be  laid  bare,  and  the  gravel  washed  by  the  simple 
atrivanoes  known  to  the  natives. 
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It  18  impossible  to  say  at  present  whioh  the  actual  bed  or  beds 
rock  may  be  whence  the  diamonds  have  been  derived,  as  there  is  i 
record  or  appearance  of  the  rock  matrix  ever  having  been  Tvorkec 
but  from  the  general  lithological  resemblance  of  the  sandstonee  ai 
shales  of  the  Barapahar  hills,  with  the  diamond-bearing  beds,  az 
their  associates  in  other  parts  of  India,  it  seems  not  improbable  th 
they  include  the  matrix. 

The  diamond  stratum  at  Eamariya,  locally  called  ItdkrUy  oonak 
of  a  conglomeratic  sandstone  made  up  of  pebbles,  \-\^  in.  diao 
imbedded  in  a  rather  fine  matrix,  which  ako  includes  clay  gal 
The  lower  Bewah  sandstone  here  stretches  out  a  oonaiderab 
distance  in  front  of  the  scarp,  and  the  pit  was  just  on  the  northe 
edge  of  this  terrace,  some  20  ft  below  the  summit,  and  itself  abo 
10  ft  deep.  On  the  top  of  the  diamond  bed  was  1  ft  or  so  of  ha 
thin  flaggy  sandstone,  and  about  7  ft  of  the  same  mixed  with  sha 
A  little  farther  to  the  south  and  west,  on  this  terrace,  was  an  old  { 
between  30  and  40  ft  deep,  but  the  bottom  was  filled  with  ^water, 
that  the  rocks  immediately  above  the  diamond  bed  could  not  be  sea 
there  were,  however,  certainly  10-15  ft  of  shale  between  it  and  ti 
lower  Bewah  sandstone.  In  all  the  pits  examined  there  mnst  ha 
been  10-20  ft  of  intermediate  shale.  The  Faunas  are  here  very  thi 
80  that  this  position  is  not  much  above  the  top  of  the  Kaimurs  (ti 
lowest  group  of  the  Upper  Vindhyans). 

So  far  as  can  be  ascertained,  the  Panna  mines  have  never  yields 
any  diamond  of  remarkable  size.  But  there  can  be  little  doubt  th 
vast  quantities  of  diamonds  have  been  produced  there  which  ha 
commanded  relatively  a  higher  price  than  Brazilian  and  Cai 
diamonds.  The  influx  of  the  latter  into  the  Indian  market  of  la 
years  has,  however,  seriously  depreciated  the  selling  value  of  Indii 
stones,  and  but  few  find  their  way  to  the  Calcutta  market  Accordii 
to  Dr.  Hamilton,  in  lus  time,  1813,  a  good  many  stones  were  foui 
worth  from  Rs.  500  to  Bs.  1000,  and  he  says  that  the  Haja  had  oa 
supposed  to  be  worth  Rs.  50,000. 

It  would  almost  seem  that  except  under  a  system  of  slavery  tl 
diamond  cannot  be  worked  for  profitably  in  India.  The  pree^ 
svstem,  though  not  so  called,  practically  amounts  to  much  the  saa 
thing ;  the  actual  operatives  are  by  advances  bound  hand  and  foot 
the  farmers  of  the  mines,  who  are  content  to  wait  for  monti 
together  without  any  return ;  their  outlay  too  is  very  small,  no  heai 
expenditure  of  capital  being  involved.  But  no  particular  str^ 
according  to  Ball,  need  be  laid  on  the  fact  that  the  several  attemp 
in  Southern  India,  at  Sambalpur,  and  at  Panna,  to  work  min 
under  European  management  have  hitherto  failed. 

In  Brazil,  diamonds  were  discovered  at  Tejuco,  now  known  \ 
Diamantina,  in  Minas  Gbraes,  in  1746,  and  at  Jacobina,  in  Bahia,  i 
1755.  The  diamonds  are  found  both  in  old  river  gravels  and  in  ti 
beds  of  rivers  in  whose  bott(Hns  numerous  pot-holes  are  found,  i 
San  Juan  de  Ohapada  the  diamonds  occur  imbedded  in  clay  traveTsis 
itaoolumite  and  itabirite  (a  hydromicanschist  containing  specuh 
iron).  At  Corrego  diamonds  have  been  found  in  solid  conglomerat 
At  Tibagy  they  are  found  in  ancient  and  recent  alluvium,  and  appe« 
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0  have  been  derived  from  a  Devonian  sandstone.  In  1772  the 
h>v6mment  began  to  work  the  mines,  but  the  cost  was  too  great, 
ad  in  1832  the  monopoly  was  abolished.  Nevertheless  the  ontpnt 
D  1850  is  estimated  at  over  10  million  carats,  value  15  million 
lerling. 

Since  1867  the  production  has  rapidly  dwindled,  and  at  present 
oes  not  amount  to  over  15,000  carats  a  year,  worlh  about  20,000/. 
Phe  rich  placers  of  Diamantina  and  of  the  Ouro  and  Parag^y  rivers 
isoame  exhausted  about  1840 ;  the  laws  prohibiting  the  introduction 
F  new  slaves  and  providing  for  the  gradual  emancipation  of  the  old 
bes,  caused  a  scarcity  of  cheap  labour,  without  which  the  mines  could 
toi  be  -worked;  the  financial  crisis  of  1858  in  Brazil  caused  an 
tamenee  idling  off  in  the  value  of  diamonds,  which  in  turn  caused 
\tb  abandonment  of  many  mines ;  and  the  discovery  of  the  great 
lamond  mines  in  South  Africa  ruined  the  market  for  the  sii^dler 
lonea  of  BraziL 

A  sabatanoe  known  as  carbonado,  carbonate,  or  carbon,  was 
Bnovered  at  Chapada,  Brazil,  in  1845.  It  is  an  allotropic  form  of 
brbon,  oloaely  related  to  the  diamond,  and  is  found  in  small  irregular 
kypto-orystalline  masses  of  a  dark  grey  or  black  colour.  Although 
|i  density  ia  not  so  great  as  the  diamond,  it  is  ver^  much  harder ;  in 
hct,  it  is   the  hardest  substance  known.      It  is  found  in  small 

Etities  in  Borneo,  but  has  not  yet  been  discovered  in  the  diamond 
I  of  India  or  of  South  Africa.  At  first  it  was  used  only  in  cutting 
onds,  but  since  the  invention  of  the  core-drill  for  boring  in  rocks 
\  baa  found  a  greatly  extended  use,  and  is  now  employed  for  the 
Hsalled  *'  diamond  crown  "  of  this  drill.  In  1850  it  was  worth  only 
a  per  carat,  and  the  demand  was  limited  ;  but  at  present  it  is  worth 
nmt  32.  per  carat,  and  the  production  has  increased  to  20,000  carats 
Mr  annum.  The  "  bort "  of  the  South  African  mines  finds  a  similar 
Uustrial  application,  being  worthless  as  a  gem. 

"BmeraXd. — The  composition  of  the  emerald  is  65  per  cent,  silica, 
14  alumina,  13  gludna,  3*5  chromium  oride,  2*5  lime;  hardness, 
r*5 ;  sp.  gr.,  2*7 ;  colour,  rich  deep  ^reen ;  somewhat  brittle,  trans- 
Urrait  to  subtranslucent.  Europe  is  said  to  possess  emeralds  in 
fcrway  and  Austria.  In  Asia,  they  have  been  found  in  the  Urals 
lad  Altai  Mountains,  in  Burma,  and  on  the  Siberian  frontier  of 
[Aana.  A&ican  emeralds  are  found  in  mica-slate  beds  in  the  Sahara, 
Bid  at  the  junction  of  the  Harrach  and  Oued  Boaman  rivers,  in 
Ugeria.  The  principal  modem  source  of  the  gem  is  in  S.  America, 
between  the  mountains  of  New  Granada  (Colombia)  and  Popayfui. 
the  mines  of  Muzo,  in  the  Tunka  Valley,  about  75  miles  from  Bogota, 
the  capital  of  Colombia,  and  classed  by  all  writere  on  gems  as  the 
boat  mmous  mines  in  the  world,  were  discovered  by  Lanchero  in 
1555.  Work  was  commenced  in  1568,  and  although  no  exact  data 
•re  to  be  obtained,  it  is  known  that  for  many  years  the  output  of 
tne  etonea  was  so  great  that  they  ceased  to  be  rare.  The  mines  were 
abandoned  about  1740,  and  so  remained  until  1844,  when  they  were 
fe-opened.  Soon  afterwards  a  French  company  was  formed,  and  the 
taines  were  leased  from  the  Government  at  an  annual  rental  of  1600iL 
Tbia  company  sent  many  fine  stones  to  Paris ;  but  the  work  evidently 

B  2 


Digitized  by 


Google 


644  ECONOMIC  MINING. 

did  not  pay,  for  the  mines  were  abandoned  in  1868.  They  are  wf 
leased  by  a  company  paying  5000/.  annually,  the  lease  to  run  mit 
189e. 

The  gems  are  found  in  a  bituminous  limestone,  said  to  be  of  Lowi 
Cretaceous  age,  which  lies  upon  red  sandstone  (Triassic)  and  cU; 
slate.  The  emeralds  occur  either  in  isolated  crystals  or  in  geodi 
with  calcite,  iron  pyrites,  and  parisite.  Streeter  describes  the  gra 
Muzo  mine  and  metiiod  of  working  as  follows : — 

"  The  mine  has  the  form  of  a  tunnel  about  100  yd.  deep,  wil 
very  inclined  walls.  Near  the  mouth  are  several  liu-ge  reserroi 
whose  waters  are  shut  oflF  by  gates.  The  overlying  barren  rock 
cut  out  in  benches  and  falls  to  the  bottom  of  the  tunneL  Wh^i  th 
begins  to  fill,  the  water  is  turned  on  and  the  rock  is  carried  awj 
through  an  underground  tunnel  into  a  basin  below.  This  operatic 
is  repeated  until  the  stratum  containing  the  gems  is  laid  bare.*" 

Jade, — The  jade-producing  districts  of  Burma  are  partly  endoeed  \ 
the  Chindwin  and  Uru  rivers,  and  lie  between  tne  25th  and  26i 
parallels  of  latitude.  Jade  is  also  found  in  the  Myadaung  distric 
and  the  most  celebrated  of  all  jade  deposits  is  reported  to  be  a  lar| 
cliff  overhanging  the  Chindwin,  or  a  branch  of  that  river,  and  distu 
8  or  9  days'  journey  from  the  confluence  of  the  Uru  and  Chindwii 
Of  this  cliff,  called  by  the  Chinese  traders  "  Nantclung,"  or  '*  difficn 
of  access,"  nothing  is  really  known,  as  no  traders  have  gone  there  f( 
at  least  20  years.  Within  the  jade  tract  described  above  small  qua^ 
tities  of  stone  have  been  found  at  many  places,  and  abandoned  quarri^ 
are  numerous.  The  last  old  quarry  of  any  size  is  Sanka,  situated  7 
miles  north-west  of  Mogaung.  The  largest  quarries  now  being  workti 
are  situated  in  the  country  of  the  Merip  Eachins.  The  largest  mi^ 
is  about  50  yd.  long,  40  broad,  and  20  deep.  The  season  for  ja^ 
operations  begins  in  November  and  lasts  till  May.  The  most  pK 
ductive  quarries  are  generally  flooded,  and  the  labour  of  quarrying  i 
much  increased  thereby.  In  February  and  March,  when  the  floor  < 
the  pit  can  be  kept  dry  for  a  few  hours  by  baling,  immense  fires  al 
lighted  at  the  base  of  the  stone.  A  careful  watch  is  then  kept  in  | 
tremendous  heat,  to  detect  the  first  signs  of  splitting.  When  thi 
occurs  the  Eachins  attack  the  stone  with  pickaxes  and  hammers,  c 
detach  portions  by  hauling  on  levers  inserted  in  the  cracks.  The  hei 
is  almost  insupportable,  the  labour  severe,  and  the  mortally  amoz^ 
the  workers  is  nigh.  The  Eachins  claim  the  exclusive  right  of  won 
ing  the  quarries,  and  there  is  not  much  disposition  on  the  part  of  othei 
to  interfere ;  traders  content  themselves  with  buying  the  stone  froi 
the  Eachins.  All  payments  are  made  in  rupees,  and  Burman  or  BumM 
Shan  brokers  are  employed  to  settle  the  price.  The  jade  is  then  ti^^ 
by  Shan  and  Eachin  coolies  to  Namia  Eyankseik,  one  long  daj^ 
journey  from  Tomo.  Thence  it  is  carried  by  dug-outs  down  a  smal 
stream,  which  flows  into  the  l\idaw  river,  about  3  miles  below  Sakai« 
and  down  the  Tudaw  river  itself  to  Mogaung.  The  Sawbwa  of  tb 
jade-producing  tract,  Eansi,  levies  5«.  on  every  load  of  jade  that  IcstJ 
his  country,  the  local  chief  at  Namia  Eyankseik  takes  another  2».,  aw 
the  farmer  of  the  duties  obtains  an  ad  vcUorem  duty  of  33  per  cent 
The  Eachins  and  Chinese-Shan  coolies  who  work  in  the  mines  pay  t< 
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the  Sawbwa,  Eansi,  10  per  cent,  of  the  price  they  get  from  the  jade 
merchants.  The  farming  of  the  jade  dnty  of  33  per  cent,  od  valorem^ 
for  the  year  ending  June  30th,  1888,  sold  for  5000Z. 

LapMazuU. — The  composition  of  this  gem  is  45-50  per  cent,  silica, 
3(^2  almnina,  9  soda,  6  sulphuric  acid,  with  minor  quantities  of  lime, 
iron,  chlorine,  and  sulphur ;  hardness,  5*5;  sp.  gr.  2  *  4 ;  colour,  ultra- 
marine or  fine  azure-blue  of  varying  intensity,  depending,  it  would 
Mem,  upon  the  proportion  of  iron  and  sulphur.  The  stone  occurs  in 
Asia  and  S.  America.  A  celebrated  mine  is  in  the  valley  of  the  Eokcha 
m  BadakhBhan ;  here  it  is  met  with  in  an  unstratified  limestone,  and 
is  extracted  by  heating  the  surface  of  the  rock  so  that  it  can  be  flaked 
off  by  smart  blows  till  the  stone  is  exposed.  Another  source  is  the 
ihores  of  the  Shudank,  near  the  Baikal  Lake ;  also  in  many  parts  of 
CSiina,  and  reputedly  on  the  Indus.  In  the  Cordillera  of  the  Andes, 
near  the  sources  of  the  Oazadero  and  Yias,  tributaries  of  the  Bio 
Gbande,  the  gem  is  found  in  a  thick  stratum  of  limestone,  accompanied 
by  small  quantities  of  iron  pyrites. 

The  Badakhshan  miners  distinguish  three  varieties,  called  mli 
^indigo-ooloured),  atmaim  (sky-blue),  and  Boibzi  (green).  The  mines 
ire  bat  little  worked  now,  though  at  one  time  they  produced  hundreds 
>f  pounds  weight  of  the  gems. 

Op<d, — Composition,  90-95  per  cent,  silica,  5-10  water,  with  traces 
)f  iron,  potash,  soda,  lime,  alumina,  &c. ;  of  various  colours  and  many 
rarieties ;  the  noble  or  precious  opal,  the  only  one  to  be  considered 
bere,  exhibits  a  beautiral  play  of  colour  by  refracted  and  reflected 
light.  The  only  two  sources  of  precious  opal  are  Hungary  and  Mexico, 
^  product  of  uie  former  being  by  far  the  more  valuable.  The  Hun- 
jparian  mines  are  situated  at  Dubrick  and  Cservenicza,  on  the  eastern 
hlopes  of  the  Labanka^  Mountains,  the  workings  and  waste  heaps 
stretching  for  a  distance  of  nearly  1  j^  miles. 

The  interstices  of  the  andesite  (a  trachytic  lava  that  forms  the 
natrix  of  the  precious  mineral)  are  filled  up  with  opal  and  hyalite, 
rhe  felspathio  ingredient  of  the  rock  is  mostly  in  a  metamorphosed 
condition,  being  changed  partly  into  kaolin  and  partly  into  opal.  The 
Rn>ridngs  are  quite  extensive,  &e  total  length  of  the  several  galleries 
)eing  about  2  miles.  The  opal-bearing  rock  is  not  disposed  in  vein  or 
led  form ;  on  the  contrary,  the  precious  stone  is  found  in  nests  or 
>ock6t8,  and  it  not  unfrequently  happens  that  a  considerable  distance 
oay  be  passed  in  workings  without  uiowing  a  sign  of  an  opal. 

Although  the  iridescent  varietv  alone  possesses  a  commercial  value, 
t  is  of  interest,  from  a  mineralogical  standpoint,  to  note  the  fact  that 
11  the  varieties,  milk  opal,  wax  opal,  fire  opal,  and  hyalite,  occur  here 
n  abundance.  The  last-named  mineral  is  often  found  in  most  graceful 
talactitic  forms.  The  origin  of  the  opal  by  the  infiltration  of  water 
)oiktaining  silica  in  solution,  is  here  demonstrated  in  the  most  con- 
rrncing  manner.  Large  precious  opals,  it  is  said,  are  now  rarely  found ; 
10  specimens  of  the  size  of  a  hazel-nut  have  been  found  for  a  number 
tf  years.  Formerly  the  mines  were  worked  by  private  individuals, 
•nt  since  the  year  1788  the  proprietorship  has  been  assumed  by  the 
Jrcvemment,  and  the  workings  are  conducted  under  Government  super- 
k-ision,  affording  at  present  a  yearly  revenue  of  about  15,000  florins 
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(1200t).    These  opals  vary  in  value  from  IZ.  to  6/.  a  carat,  and  even 
higher,  and  are  almost  the  only  ones  employed  by  jewellers. 

The  Mexican  and  Honduras  stones  come  from  Esperanza,  Amealeo, 
and  Beal  del  Monte,  oocnrring  in  a  porphyritic  formation.  They  are 
beautiful  when  new,  but  soon  lose  their  beauty,  and  are  worth  only  a 
few  penoe  a  carat.  S.  Auslralia  is  said  to  afford  a  few  specimens  re- 
sembling the  Hungarian ;  and  some  of  particular  beauty  are  reported 
from  B^chworth,  Victoria.  A  few  have  been  found  near  Col&x, 
Washington,  in  a  much  altered  basalt. 

JBtiby. — In  composition  the  ruby  varies  from  almost  pure  alumina 
to  a  compound  containing  10-20  per  cent,  of  magnesia,  and  always 
about  1  per  cent,  of  iron  oxide;  hardness,  9;  sp.  gr.,  4* 6-4-8; 
colour,  various  shades  of  red.  The  ruby  is  essentially  an  Eastern 
ffem.  One  celebrated  mine  is  situated  about  20  miles  from  Ish- 
kashm,  in  a  district  called  Gharan,  on  the  right  bank  of  the  Oxus. 
The  formation  is  either  red  sandstone  or  magnesian  limestone,  easOj 
worked ;  the  stones  occur  encased  in  nodules  in  seams  and  spots  in  the 
rock.  Superior  gems  are  found  at  Mo-gast  and  Eyat-pyan,  5  days 
8.E.  of  Ava,  the  workings  being  a  monopoly  of  the  King  of  Burma. 
Perhaps  the  finest  come  from  a  district  between  the  north-east  of 
Mandalay  and  the  west  of  the  Upper  Solween  river.  Another  noted 
locality  is  at  the  foot  of  the  Capelan  Mountains,  near  Sirian,  in  Pegu, 
where  fine  rubies  are  not  rare ;  also  near  Eandy,  in  Ceylon,  where 
good  stones  are  very  scarce.  One  has  been  found  near  Mount  Eliia^ 
on  Port  Philip  Bay,  Victoria ;  also  one  in  Queensland ;  and  another 
in  New  Zealand.  Bubies  of  pure  colour  and  &ir  size  are  the  most 
valuable  of  all  gems. 

The  search  for  these  gems  in  Ceylon  centres  around  Batnapura.  inj 
a  district  20  to  80  miles  square,  in  almost  all  of  which  a  stratum  of 
gravel  6  ft.  to  20  ft.  under  the  surface  exists.  Throughout  this  area 
gem-pits  are  to  be  seen  near  the  villages,  some  being  worked  now. 
others  being  abandoned.  The  natives  work  there  in  companies  of  oj 
to  8,  and  pay  1  rupee  per  man  per  month  for  the  privilege  of  working 
a  certain  allotment  where  they  begin  by  marking  off  a  square  of  abont 
10  ft.  After  removing  about  3  ft.  of  soil,  the  sounding  rod,  a  piec^ 
of  iron  about  \  in.  diam.  and  6  ft.  long,  is  used  to  sound  for  the  gravel 
If  successful,  the  digging  is  begun  in  earnest  till  about  4  ft.  deep.  Oc 
the  second  day  gravel  is  taken  out  by  means  of  baskets  handed  frooj 
one  man  to  another  till  all  within  the  square  is  excavated.  Shonld 
the  miners  find  the  soil  fairly  firm  at  the  bottom  of  the  pit  they  tunne 
all  round  for  about  2  ft.,  drawing  out  the  gravel  and  sending  it  oj 
also  to  be  heaped  with  the  rest,  which  usuaUy  completes  the  work  (^ 
the  second  day,  a  watchman  remaining  near  it  all  night.  On  the  thirt 
day^  it  is  all  washed  in  wicker  baskets  by  a  circular  jerking  motioi] 
which  throws  out  all  the  surplus  light  stone  and  rubbishy  till  a  go^j 
quantity  of  heavy  gravel  is  left  in  the  bottom,  which  is  oare^ 
examined.  There  is  hardly  a  basketful  that  does  not  contain  so 
gems  of  inferior  value,  which  are  usually  sold  by  the  lb.  for  ab< 
9  rupees.  Should  no  valuable  stones  be  found,  another  pit  is  sv 
and  so  on  till  one  or  perhaps  two  or  three  really  valuable  guns 
unearthed.    A  lower  stratum  of  gravel  is  said  to  be  richer  in  ga 
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Imt  is  raroly  worked  on  aooount  of  the  difficulty  of  removing  the 
rater. 

In  Siam,  the  method  of  obtaining  the  precious  stones  is  identical 
it  all  the  diggings  in  the  region  of  Bangkok,  and  is  as  follows : — The 
intending  digger,  on  entering  the  district,  pays  3  ticals  {hi.  3d.)  to  the 
Uadman,  a  Burmese  British  subject  appointed  by  the  British  Legation, 
nd  responsible  to  the  governors  of  Battambong  and  Chantubong, 
kooording  as  the  fees  received  are  derived  from  the  Phailin  or  Krat 
nines.  Beyond  this  tax  there  is  no  further  fee  exacted.  The  Siamese 
Sovemment  claim  no  right  to  pre-empt  gems  found,  or  to  purchase  at 
Mrket  value  all  stones  above  a  certain  carat  weight,  as  was  the  case 
EA  Burma.  The  Tongsoo  digger's  first  object  is  to  discover  a  layer 
|f  soft,  yellowish  sand,  in  which  both  rubies  and  sapphires  are  de- 
iDtited.     This  stratum  lies  at  depths  varying  from  a  few  inches  to 

10  ft  on  a  bed  of  subsoil,  on  which  no  precious  stones  are  found.  A 
hit  18  dng  until  this  corundum  is  exhausted,  and  the  soil  removed  is 
jkea  taken  to  a  neighbouring  canal  or  stream,  one  of  which  runs  in 
ibB  proximity  of  the  mines,  both  at  Phailin  and  Krat,  where  it  is  mixed 
rith  water,  and  passed  through  an  ordinary  hand-sieve.  In  his  search 
br  this  peculiar  alluvial  deposit,  which  is  generally  free  from  any  ad- 
loxture  of  clayey  earth,  the  digger  has  often  to  penetrate  into  the 
jangle  that  grows  thickly  around,  and  to  combine  the  work  of  clearing 
■ith  the  occupation  of  gem-digging.  The  Tongsoos  do  not  appear  to 
brm  themselves  into  companies  for  mutual  assistance  or  division  of 
Ifofits.  They  work  principally  in  twos  and  threes,  and  if  chance  lead 
ikem  to  discover  a  gem  of  any  value,  they  either  undertake  a  sea  voyage 
k>  Bangoon  or  Calcutta  for  the  purpose  of  obtaining  a  good  price  for  it 
Ibemsdfves,  with  the  dealers  in  precious  stones  at  these  places,  or  oon- 
ign  their  acquisitions  to  an  agent,  while  they  themselves  continue  to 
^Nurch  for  more.  A  process  of  migration  is  continually  ^ing  on 
toongst  the  Tongsoos  of  the  different  mines,  the  workers  passing  from 
ice  to  the  other,  according  to  the  reputation  of  a  particular  mine  at 
■tttain  periods.  No  artificial  or  mechanical  processes  for  the  washing 
■  the  soil  have  as  yet  been  introduced,  nor  have  gems  been  discovered 
^  fissoi^  veins  of  soft  material  imbedded  in  crevices  of  hard  rock,  or 

11  crystal  form.  Bubies  and  sapphires  are  found  at  all  the  digging, 
iften  deposited  side  by  side  in  the  same  layer  or  stratum  of  sand.  The 
f»by  of  "  pigeons'  blood "  colour  is  rarely,  if  ever,  met  with.  The 
llkmr  of  the  Siam  ruby  is  usually  light  red  of  a  dull  hue.  The  sap- 
ilnre  is  of  a  dark,  dull  blue,,  without  any  of  the  silken  gloss  which  is 
pe  distinctive  mark  of  the^fBurma  and  Ceylon  stone.  Stones  resem- 
bliBg  garnets  rather  than  rubies  are  found  in  the  dried  beds  of  water- 
leaxses  at  Baheng,  200  miles  north  of  Bangkok,  and  there  is  every 
gSMon  to  believe  that  rubies  also  equal,  if  not  superior,  to  those  dis- 
ivrered  in  the  south-east,  exist  throughout  the  Baheng  district  Those 
ktkerto  obtained  are  the  result  merely  of  surface  scratchings  by  Tong- 
IDO  seekers. 

I  Sof^lwre. — Composition,  about  98*5  per  cent,  of  alumina,  with 
jnde  of  iron  and  other  colouring  matter;  hardness,  9;  sq.  gr., 
4* 6-4- 8;  colour,  from  translucent  yellow  or  white  to  violet.  Sap- 
fikoes  of  great  beauty  are  found  in  and  near  the  Iser  Mountains,  in 
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Bohemia,  and  in  ilie  bed  of  the  river  Iser,  mostly  in  qnartz-sand  sim 
granite  detritos.  In  Ceylon,  good  sapphires  are  not  rare.  Quite  i 
msh  recently  took  place  to  the  mines  of  Battambong  and  Chantn 
bong,  in  Siam,  whence  a  stone  of  the  finest  water,  weighing  370  cant 
in  &e  rongh,  is  credibly  reported.  Bine  and  white  stones  of  som 
▼alne  have  been  found  in  IXuidenong  Creek,  Yictoria;  at  Balluai 
S.  Australia ;  and  in  the  Hanging-n^  caves,  near  the  Pearl  Biva 
New  South  Wales. 

Most  of  what  has  been  said  about  rubies  refers  also  to  sapphiia 
the  two  gems  being  intimately  related  and  generally  found  t(^etliei; 

Tcfoz. — Composition,  34  per  cent,  silica,  57  alumina,  15  fiuonse 
hardness,  8 ;  sp.  gr.,  3*5;  colours,  yellow,  blue,  and  white.  In  Saxon] 
is  found  a  pale-violet  variety ;  and  in  Bohemia,  a  sea-green.  Hur 
occur  in  the  Urals,  north  of  Katharinburg,  in  granite  and  albite ;  as 
in  E.  Siberia.  In  the  Brazilian  province  of  Minas  Geraes,  nunb^ 
are  met  with  in  the  auriferous  gravels,  especially  at  Capao.  Son 
fine  specimens  have  been  got  at  Beechworth,  Victoria,  in  Flindei 
Island,  and  in  Tasmania. 

Twtqwjue, — Composition,  47  alumina,^  27  phosphoric  acid,  3  lin 
phosphate,  2  copper  oxide,  1  iron  oxide,  19  water ;  hardness,  6 ;  8p.g1 
2  *  6-2  *  8 ;  colour,  blue  to  blue-green.  The  Land  of  Midian  possess^ 
three  turquoise  mines :  one  at  Aynuneh,  a  second  near  Ziba,  and 
third,  known  to  the  Bedouins  as  Jebelshehayk.  But  the  stones  cob] 
principally  from  the  motmtainous  district  of  Nishabor  (Neshapore),  i 
N.E.  Persia ;  the  oldest  mine  is  in  the  Bari  Mad&n  btiMl:,  and  a  seoos 
has  recently  been  discovered  in  the  hills  to  the  south,  separating  Nisi 
abor  from  Turshiz.  Mashhad  is  the  headquarters  of  the  trade.  BetU 
stones  at  lower  figures  are  said  to  be  procurable  at  Shikapur,  in  SiiM 

The  number  of  small  or  seed  turquoises  of  light  tint  found  in  tb 
Persian  mines  is  enormous.  Becently  1}  lb.  of  the  better  grade  ( 
second-class  stones  were  sold  in  Teheran  for  about  7/.  sterling.  Stoine 
of  a  dark  sky-blue  tint  are  comparatively  scarce.  All  the  mines  ( 
Ehora£san  are  farmed  by  officials  connected  with  the  Gov^mmen 
For  this  privilege  they  pay  18,000  tomans  annually  to  the  Shah,  a  bid 
equivalent  to  6000/.  The  best  stones  are  sent  to  Europe,  and  thei 
is  at  present  no  evidence  of  exhaustion  in  the  Persian  mines. 

During  the  past  two  years  turquoise  has  been  actively  mined  i 
New  Mexico,  at  Los  CeriUos  and  in  Grant  County.  The  latter  miiM 
produce  stones  having  a  faint  greenish  tinge,  which  is  either  due  1 
a  partial  change  or  metamorphism  which  has  taken  place  while  tli 
turquoise  was  in  the  rock,  or  may  be  a  local  peculiarity,  but  it  i 
claimed  by  the  owners  of  the  mine  that  they  are  not  subject  to 
change  of  colour.  Turquoise  has  always  been  known  as  an  unstal^ 
gem.  Even  the  finest  Persian  stones  are  likely  to  change  occasionall 
with  scarcely  any  warning,  the  alteration  probably  being  due  to  tli 
turquoise  coming  in  contact  with  add  exhalations  from  the  skin,  c 
fatty  acids  or  alkalies  in  the  soap  used  to  wash  the  hands. 

The  sale  of  turquoise  during  the  year  1891  from  the  New  Mexica 
localities  probably  amounted  to  25,000^. 
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GBAPHTTE. 

Ths  mineralised  snbstanoe  popularly  known  as  blacklead  or  plumbago, 
ftnd  more  correctly  as  graphite,  is  generally  conceded  to  be  of  organic 
origin,  the  result  of  ^e  metamorphism  of  some  of  the  products  of 
destraotiYe  distillation  of  vegetable  tissue.  It  consists  essentially 
of  carbon,  in  mechanical  admixture  with  varying  proportions  of 
ulioioiis  matter,  as  clay,  sand,  or  limestone.  Gleologically  it  occurs  in 
fonnations  ranging  from  the  Carboniferous  back  to  the  oldest  rocks, 
4nd  notably  in  dose  relation  to  gneiss.  Sometimes  it  is  found  in  beds 
and  in  tme  fissure  veins,  at  other  times  disseminated  through  schists. 
Tein  graphite  is  usually  associated  with  calcite  and  quartz,  and  less 
frequently  with  apatite,  mica,  and  pyroxene.  Bed  graphite  is  com- 
monly amorphous. 

By  far  the  greater  proportion  of  the  yearly  product  of  graphite 
DOW  comes  from  Ceylon.    Analysis  shows  the  following  composition : — 

Per  cent. 

Carbon 98-817  to  99-792 

ABh       -05    „       -415 

Volatile  matter '108  „       -9 

But  the  quality  and  commercial  value  of  graphite  depend  more 
apon  physical  structure  than  upon  chemical  composition.  Thus  the 
LTystallised  graphite  of  Ceylon,  in  which  only  1*2  to  6  per  cent,  of 
\ormffi  ingredients  exists,  is  not  fit  for  pencHs ;  while  the  '*  black- 
lead  "  from  Borrowdale,  in  England,  with  13  per  cent,  of  impurities, 
\ijhs  been  found  to  be  very  well  suited  for  their  manufacture.  For 
Lhe  making  of  pencils,  only  a  compact,  grain v  kind  is  suitable ;  while 
for  cmcibTes,  the  loose  mould,  with  grapnite  appearing  in  shiny 
icales,  is  preferable.  This  kind  generally  occurs  with  an  enormous 
unount  of  mineral  matter,  unequally  diffased  through  the  mass,  and 
producing  thus,  even  in  small  hand-pieces,  respective  dififerenoes  in 
tA  mecific  weight. 

The  most  valuable  kind  of  graphite  is,  of  course,  that  which  is 
kp|>licable  for  the  manufacture  of  pencils ;  but  it  is  seldom  found.  A 
^markable  example  was  the  Borrowdale  mine,  Cumberland,  now 
warkbdi  out.  With  the  diminished  supply  of  Cumberland  graphite, 
■rhich  needed  next  to  no  treatment,  have  come  improvements  in  pre- 
lAration  whereby  inferior  grades  have  been  reudered  available.  This 
uainly  consists  in  separa^g,  by  grinding  and  levigating,  the  hard 
.od  impure  portions  of  the  rock.  The  commercial  value  of  a  new 
Ample  of  graphite  cannot  be  appraised  without  actual  trial  of  its 
inafities  for  tne  specific  purposes  aimed  at.  The  market  values  of 
lie  article  cover  such  a  wide  range  as  from  9/.  to  5000Z.  a  ton.  The 
ordinary  product,  adapted  for  crucibles,  pencils,  stove-polish,  bearings, 
^c^  as  imported  from  Ceylon,  is  divided  into  four  grades.     "  Large 
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Inmp"  and  ''ordinary  lump"  are  worth  abont  18Z.  to  20Z.  a  ton; 
"chip,"  about  15L;  and  "dust,"  about  \2h  The  exports  amount  to 
about  10,000  tons  yearly. 

A  large  proportion  of  the  Ceylon  graphite,  on  which  the  world's 
supply  really  depends,  is  mined  by  small  native  owners  in  a  most 
primitive  and  wasteful  manner. 

The  influx  of  water  into  the  workings,  even  in  small  quantity, 
causes  a  cessation  of  operations  and  is  soon  followed  by  a  caving  of 
the  walls  and  roofs  of  the  tunnels  and  shafts,  whereby  in  many 
cases  the  unworked  portion  of  the  deposit  is  buried  from  view  and 
probably  altogether  lost.  It  is  a  very  great  pity  that  the  whole 
graphite  mining  industry  of  the  island  is  not  placed  under  proper 
control,  so  that  while  advantage  is  taken  of  the  cheap  local  mining 
labour,  yet  that  operations  may  be  conducted  systematically  and 
economically,  and  to  far  greater  depths  than  is  possible  to  the  unaided 
native  miner. 

Crermany  possesses  several  graphite  deposits.  A  variety  about 
equal  in  purity  to  that  of  Cumbenand,  but  somewhat  more  amor- 
phous and  friable,  occurs  in  considerable  quantities  at  Griesbach,  neai 
Passau,  in  Bavaria.  It  is  not  refractory,  and  is  therefore  valueless  for 
crucible-making,  and  is  of  little  use  as  a  lubricator ;  but  for  pencils 
it  is  largely  employed,  and  is  imported  into  England,  for  making 
domestic  blacklead  (stove-polish).  In  the  Adelheids-Gluck  coal-mine, 
at  Kybnik,  Prussian  Silesia,  an  important  layer  of  graphite  earth  bAs 
been  foimd,  in  thickness  exceeding  40  ft.  Trials  are  said  to  hare 
proved  it  well  fitted  for  luting,  muffles,  hearths,  <&c.  A  specimen  of 
graphite  from  Styria  exhibited  coarsely  foliated  structure,  strong 
metallic  lustre,  and  sp.  gr.  2*1443.  Its  composition  was: — ^Uarbon, 
82*4;  silica  (belonging  to  the  ash\  12 '38;  alumina,  3*9;  iron  per- 
oxide 0*53;  manganese  protosesquioxide,  0*62;  lime,  0*02;  alkalies, 
traces.  The  production  of  graphite  in  the  Austro-Hungarian  Empire 
is  about  20,000  metric  tons  yearly,  half  of  which  is  raised  in 
Bohemia.  Spain  has  lately  sent  some  graphite  of  fair  quality  to 
this  country.  An  analysis  of  Portuguese  graphite  gave: — Water 
(including  hygroscopic),  10*21 ;  carbon,  38*47 ;  ash,  50*81.  A  sample 
from  Upemavik,  Greenland,  hard  and  of  pale  colour,  useless  fo^ 
pencils,  showed: — Carbon,  96*6;  ash,  3*4  per  cent.  An  occurrence 
of  graphite  with  quartz  is  reported  from  Arendal,  Norway.  Tin 
mineral  has  also  been  found  in  Finland. 

The  distribution  of  graphite  in  Asia  is  by  no  means  inconsiderj 
able.  A  deposit,  said  to  be  very  abundant,  has  been  discovered  iJ 
the  Bagoutal  mountains  of  S.  Siberia,  near  the  Chinese  frontier,  « 
which  great  things  are  predicted.  Seebohm,  in  1879,  brought  abonl 
20  tons  of  almost  pure  graphite  from  the  banks  of  the  Eiireijka.  Th^ 
deposit  is  leased  by  a  Bussian  from  his  Gk>vemment,  and  has  not  ye^ 
been  the  scene  of  anything  like  scientific  working.  Two  samples  oj 
Siberian  graphite  from  Stephanovsky  respectively  revealed  on  analysti 
the  following  composition: — Carbon,  36*06,  33*20;  silica,  37*72 
43*20;  ferric  oxide,  4*02,  3*05;  alumina,  17*80,  16*42;  lime  aa^ 
magnesia,  1*20,  1*06;  volatile  matters,  3*20,  4*03;  sulphur,  trac« 
0*04.     English  graphite  is  said  to  be  imported  into  Busaa,  W 
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admixture  with  the  low-grade  native  produce.  Deposits  of  lamellar 
gnphite  have  been  found  in  several  parts  of  India.  In  1862  a  new 
mine  was  discovered  at  Sonah,  near  Goorgaon.  The  mineral  is  found 
in  niamee  of  variable  size,  and  generally  quite  detached.  In  some 
cases  Uie  surrounding  rook  is  impregnated  with  graphite,  mixed  with 
snail  micaceous  particles.  It  yields  on  analysis: — Carbon,  78*45; 
silica  and  alumina,  12  *  98 ;  iron  peroxide,  3  *  30 ;  lime  carbonate,  0  *  84 ; 
watw",  4«  35 ;  alkaline  sulphates  and  chlorides,  0  •  08.  Japan  produced 
about  3500  tons  in  1889,  and  4500  in  1890. 

The  American  production  of  graphite  is  almost  entirely  from  the 
mines  at  Ticonderoga,  N.Y.,  and  its  neighbourhood.  The  output  had 
not  much  exceeded  200  tons  of  refined  graphite  in  any  year  before 
1891,  when  it  reached  about  700  tons,  with  an  approximate  average 
Tilue  of  352.  a  ton.  The  old  mines  by  which  the  place  is  best  known 
are  on  a  series  of  elliptical  chimneys  in  gneiss  which  are  filled  with 
cftlcite  and  graphite.  They  were  long  since  exhausted.  The  present 
aouroe  is  a  graphitic  quartzite  or  schist  in  the  town  of  Hague,  N.Y., 
some  5  miles  west  of  Lake  George.  There  are  crystalline  limestones 
near  Lake  Champlain  which  also  contain  graphite,  and  might  furnish 
the  mineral.  Any  rock  employed  for  this  purpose  must  be  free 
from  mica,  for  it  is  impossible  to  separate  two  s(^y  minerals  in  the 


A  crude  graphite,  adapted  for  the  manufacture  of  crucibles,  stove 
tracking,  <&a,  is  found  in  conjunction  with  anthracite  coal  in  Bhode 
bland.  Graphite  is  also  mined  in  Pennsylvania,  Michigan,  and 
Wyoming.  Other  deposits  are  known,  but  none  is  worked.  Most 
of  the  graphite  used  in  America  comes  from  Ceylon. 

The  rock  consisting  of  about  10  per  cent,  graphite  and  the  re- 
Eoaindor  quartz,  which  is  worked  at  Lake  George,  is  crushed  in  a 
battery  of  California  stamps  and  then  washed  with  buddies  and 
lettlers,  the  percentage  of  graphite  being  thus  raised  to  40  or  50  per 
sent.  This  product  is  further  treated  at  Ticonderoga  by  a  secret 
vaabing  process,  whereby  the  grade  is  raised  to  99  per  cent. 

The  Styrian  graphite  undergoes  no  preparation  for  market  beyond 
nmple  screening,  which  suffices  to  produce  an  article  containing  73- 
^  per  cent,  of  the  actual  mineral,  the  bulk  of  the  impurity  being 
dUica,  which  renders  it  refractory  and  well  adapted  for  crucible 
naking. 

The  Bohemian  article  is  softer,  and  is  partially  sorted  underground 
nio  three  classes.  The  first  and  second  grades  only  need  hand-picking 
tnd  drying  to  be  ready  for  packing  in  barrels.  The  third  grade, 
prhich  is  harder  and  less  pure,  is  ground  in  excess  of  water,  and 
settled  to  get  rid  of  the  heavy  gangue ;  the  graphite  slimes  are  after- 
irardB  pumped  into  filter  presses,  and  the  cakes  taken  from  the  presses 
kre  dried  for  market. 

Graphite  is  largely  used  for  pencils,  and  as  a  lubricant,  for  both 
>f  which  purposes  it  must  be  soft  and  of  high  grade.  Lower  grades 
kre  used  for  crucibles,  stove  blacking,  foundry  facings,  and  as  a 
mbstitute  for  redlead  in  pipe-fitting.  It  is  also  being  extensively 
smplqyed  as  a  paint  for  covering  smoke-stacks,  boilers,  tin  roofs,  &a, 
saving  been  proved  to  be  very  durable.     Eecent  experiments  have 


Digitized  by 


Google 


252  ECONOMIC  MINING. 

shown  that  a  graphitic  lining  for  Bessemer  converters  is  specially 
adapted  to  withstand  the  cutting  action  of  acid  slag,  and  a  large 
demand  for  graphite  has  come  from  steel  works  in  consequence,  espe- 
cially in  Germany,^ where  this  material  has  been  adopted  by  the  Kmpp 
Works.  Thus,  the  imports  of  graphite  into  Germany,  from  Ceylon, 
are  said  to  have  increased  from  alx>ut  3100  cwt.  in  me  year  endiog 
June  1, 1889,  to  14,215  cwt.  in  1890,  and  11,000  cwt  in  1891. 
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GYPSUM. 

.  TERT  oommoD  mineral  product  is  the  rock  Icnown  as  gypsum  or 
tftster,  which  occurs  in  two  forms,  the  more  familiar  being  a  hydrated 
dphate  of  lime  containing  about  32^  per  cent,  lime,  46}^  sulphurio 
nd,  and  21  water,  while  the  other  is  an  anhydrous  variety  (called 
ihydrite)  consisting  of  over  41  per  cent,  lime  and  58  sulphuric  add. 
oth  forms  are  encountered  in  most  geological  formations,  but  are 
rpecially  prominent  in  the  Triassic  salt-bearing  series.    The  mineral 

applied  chiefly  to  two  purposes — the  preparation  of  plaster  or 
noco,  and  as  a  fertiliser  (called  "  land  plaster  "  in  America).  For 
te  latter  application,  all  samples  may  be  said  to  serve  equally  well, 
id  only  require  grinding,  which,  indeed,  is  often  dispensed  with, 
or  use  as  plaster,  however,  the  value  of  the  article  depends  on  its 
nlity,  after  calcination,  to  "  set "  very  rapidly  on  admixture  with 
ater,  and  consequently  anhydrite  is  not  applicable,  being  cdready 
ee  firom  water.    Puri^  of  colour  is  a  desideratum. 

The  beds  of  gypsum  of  most  importance  in  the  plaster  manu- 
cture  occur  in  5ie  neighbourhood  of  Paris,  in  the  Lower  Tertiary 
nnation.  Different  beds  vary  in  respect  of  character  and  quantity 
'  admixed  materials,  and  in  the  structure  of  the  gypsum  itself. 
Tith  regard  to  the  first  point,  some  deposits  contain  a  notable  pro- 
xtion  of  lime  carbonate,  a  fact  which  under  certain  circumstances 
ay  considerably  influence  the  character  of  the  plaster.  In  the 
atter  of  structure  two  principal  varieties  occur:  grantilar  and 
tn^os.  Further,  hardness  of  the  granular  kind  varies  considerably, 
bese  differences  of  structure  in  the  original  material  appear  to  exer- 
ie  an  influence  on  the  properties  of  the  plaster.  Thus  plaster  formed 
cmi  the  granular  variety  sets  more  gradually  than  that  derived  from 
le  fibrous,  and  forms  a  denser  mass.  The  so^r  kinds  of  the  granular 
fpsom  are  those  principally  used  in  the  production  of  plaster  for  the 
cmlds  of  potteries. 

In  the  old-fiashioned  process  which  is  still  employed  for  making 
le  common  kinds  of  plaster,  the  material  is  exposed  to  the  direct 
iion  of  flame.  Large  lumps  are  placed  in  tlie  lower  part  of  the  fur- 
ioe«  above  them  smaller  lumps,  and,  after  the  heating  has  been 
OTied  on  for  some  time,  finely  divided  material  is  filled  in  at  the  top. 
he  outer  portion  of  the  larger  lumps  is  always  overbumt,  and  in  the 
pper  part  of  the  fa  mace  the  presence  of  shining  crystalline  particles 
a&erally  indicates  the  fact  that  some  gypsum  has  remained  un- 
umged.  Provided  that  the  amount  of  unbumt  and  of  overbumt 
aterial  does  not  exceed  about  30  per  cent,  of  the  total,  the  plaster  is 
dtable  for  many  applications. 

Bo^  the  differences  in  time  of  setting  and  in  hardness  of  the 
jsulting  material  are  affected  by  the  mode  of  baking.  The  hardest 
aterial  is  frequently  obtained  from  the  quick-setting  plasters,  but 
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for  certam  purposes  tliifl  rapidity  in  setting  is  of  great  practical  in- 
oonvenience.  The  moulder  in  pottery  work  must  have  leisure  to  fill 
in  every  detail  of  a  design,  often  complicated  and  intricate,  before  the 
material  with  which  he  is  working  becomes  intractable.  Thus,  for 
many  of  the  more  refined  purposes  to  which  plaster  is  applied,  extreme 
hardness  in  the  set  plaster  is  of  less  vital  importanoe  than  a  oonyenient 
period  of  setting.  On  the  other  hand,  plasters  which  set  very  dowly 
give,  as  a  rule,  too  soft  a  material,  as  well  as  being  inconvenient  is 
use.  Plasters  which  hit  off  the  medium  are  alone  suitable  ioit  the 
work  of  the  potter.  The  finer  varieties  of  plaster  prepared  especially 
for  use  in  potteries  are  obtained  by  a  treatment  which  differs  in  many 
respects  from  that  described  above  for  the  commoner  kinds.  In  thi 
first  place,  the  direct  contact  of  fuel  or  even  flame  is  avoided,  sinoft 
this  reduces  some  of  the  sulphate  to  sulphide  of  calcium,  the  preseDOi 
of  which  is  in  many  respects  objectionable.  Secondly,  it  is  necessary 
that  there  should  be  a  better  control  over  the  temperature,  since  if  tbo 
plaster  be  not  partially  dead  burnt,  it  will  set  too  quickly  for  titf 
particular  purpose  to  which  it  is  to  be  put. 

The  arrangement  employed  in  France  is  known  as  the  f<m  \ 
houlanger,  or  bakers'  furnace.  The  temperature  attained  in  the  fnmaci 
itself  never  exceeds  low  redness.  The  material  preferred  is  the  softeJ 
kind  of  the  granular  variety  of  gypsum.  This  is  put  in  in  piece! 
about  2J  in.  thick.  After  the  bakmg,  several  lumps  are  broken  d 
and  examined  to  see  that  there  are  no  shining  crystalline  partidei 
which  would  indicate  that  some  of  the  gypsum  had  remained  imj 
changed.  Before  use,  the  plaster  is  ground  very  fine.  This  point  ij 
of  considerable  practical  importanoe.  The  consistency  attained  ^ovUi 
be  such  that  the  material  may  be  rubbed  between  the  finger  as^ 
thumb  without  any  feeling  of  grittiness.  Should  there  be  particles  ci 
a  size  to  be  characterised  as  **  grit,"  these  will  after  use  appear  at  tin 
surfiice  of  the  mould,  with  the  result  that  the  mould  will  have  to  b< 
abandoned  long  before  it  is  really  worn  out,  i.  e.  before  the  detail 
have  lost  their  sharpness. 

The  quantity  of  gypsum  mined  annually  in'  the  United  Kingdffli 
is  100,000  to  150,000  tons,  worth  7«.  to  9«.  a  ton.  In  1889  the  Unitai 
States  produced  over  250,000  tons,  about  half  being  raised  in  Michigan 
and  one-third  of  the  whole  product  being  calcined  to  make  plasty 
Analysis  of  the  Michigan  rock  used  as  manure  gave  78f  per  cent  linx 
sulphate,  over  19  water,  and  less  than  ^  each  of  magnesia  and  alumim 
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INFUSORIAL  EARTHS. 

Tkber  the  names  of  diatomite,  foesil  meal,kieselgnhr,  <fec.,  are  in- 
cluded a  number  of  infusorial  earths,  in  the  form  of  white,  grey,  or 
greenish  powder  of  very  low  specific  gravity,  consisting  chiefly  of  the 
minnte  silicioas  shields  of  diatomaoeaa.  Large  deposits  of  fossil  dia- 
toms have  been  traced  in  many  parts  of  the  world,  and  several  mines 
prodndng  kieselgnhr  are  worked  in  Europe,  but  the  largest,  and  those 
fielding  kieselgnhr  of  the  purest  quality  and  lowest  specific  gravity, 
lie  situated  near  Naterleuss  station,  on  the  railway  &om  Hamburg  to 
HanoTer.  The  kieselgnhr  is  found  there  from  the  surface  down  to  a 
iepth  of  about  150  ft,  being  covered  only  by  thin  beds  of  diluvial  and 
lUnvial  origin.  The  upper  stratum  of  this  large  deposit  supplies  the 
vhite  kieselgnhr.  This  quality  contains  very  little  organic  matter, 
tmt  some  sand ;  therefore,  after  being  washed,  it  gives  a  very  pure 
tnd  porous  product.  The  second  stratum  produces  grey  kieselgnhr, 
Kmtaining  very  little  sand,  but  sufficient  organic  matter  for  calcining 
t,  and  the  product  then  is  kieselgnhr  of  the  finest  quality.  If  the 
sxertionB  of  colour  manufacturers  to  make  a  colour  which  will  really 
)e  imperishable  under  the  influence  of  strong  acids  are  to  be  crowned 
nth  success,  this  perhaps  is  the  material  which  might  lead  to  satis- 
ictory  results. 

The  lowest  and  by  far  the  largest  stratum,  varying  from  50  to  100 
L  in  thickness,  supplies  the  green  kieselguhr,  which  contains  up  to 
0  per  cent,  of  organic  matter,  showing  clear  imprints  and  fragments 
f  fishes,  well-preserved  fir-cones,  leaves,  bark,  and  twigs  of  birch,  fir, 
re  In  order  to  utilise  the  immense  deposits  of  green  kieselguhr, 
ihis  have  been  erected  for  burning  or  calcining  it.  When  dry,  this 
laterial  glows  like  turf  or  peat,  and  this  is  utilised  in  the  calcining 
PX5e«8.  The  kilns,  simple  round  furnaces,  about  15  ft.  high  by  6  ft. 
iam.,  are  filled  and  lighted  at  the  bottom,  no  additional  fuel  being 
squired  to  keep  them  going.  They  are  continually  replenished  with 
rwn  kieselguhr  at  the  top,  and  the  calcined  is  taken  out  from  the 
rates  underneath.  The  product  is  perfectly  free  from  moisture  and 
^ganic  matter,  and  has  therefore  a  much  higher  market  value  than 
reen  kieselguhr.  Its  reddish  colour  is  due  to  some  traces  of  oxide  of 
on. 

Kieselguhr  has  many  valuable  properties.  It  consists  almost  ex- 
Qsiyely  of  silica,  and  is  therefore  in  its  pure  state  as  fireproof  as  any 
aterial  in  the  world.  It  resists  the  action  of  the  strongest  acids, 
it  it  can  be  easily  made  to  melt  after  being  mixed  with  an  alkali, 
▼en  by  boiling  xmder  pressure,  combination  may  be  effected.  Sili- 
ite  of  sodium  or  water  glass  has  been  made  of  it  in  this  way,  but 
lute  sand  is  now  generally  used  for  this  article,  because  kieselguhr 
w  risen  considerably  in  price,  and  owing  to  its  low  specific  gravity, 
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very  large  meltiDg  pots  had  to  be  employed.  Its  great  porosity, 
although  a  drawback  for  this  particular  industry,  makes  it  yery 
yaluable  for  the  manufacture  of  dynamite. 

It  is  used  to  a  considerable  extent  in  the  manufacture  of  Tsrioiu 
cleansing  preparations,  either  in  the  form  of  powder  or  so-called  soap. 
There  is  but  a  step  between  the  crude  minend  and  the  mercbantablfi 
articles  used  for  cleansing  purposes.  To  manufacture  a  polishing 
powder  it  is  necessary  only  to  clean  and  grind  the  crude  mineral,  tho 
particles  of  which  are  loosely  adherent,  while  in  making  soap  tin 
pulverised  mineral  is  mixed  with  the  other  ingredients  of  soap  naaDO- 
facture.  The  greater  portion  of  the  American  product  is  dried  is 
furnaces  at  the  pits,  and  used  for  making  protective  coating  foi 
boilers.  As  an  absorbent  in  the  manufacture  of  dynamite  from  nitro- 
glycerine, the  American  product  does  not  possess  sufficient  absorbent 
properties ;  and  even  the  German  product  has  been  largely  supplanted 
by  wood  pulp,  which  answers  the  purpose  excellently  and  is  mndi 
cheaper. 

The  American  output  in  1889  was  over  3000  tons,  nearly  all  from 
Dankirk,  Maryland,  and  valued  at  about  28«.  a  ton.  The  yield  feU 
to  1700  tons  in  1893.     Various  assays  gave  the  following  results  :— 
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IODINE. 

Apart  from  its  wide  distribution  in  the  organic  kingdoms,  iodine  is 
of  common  occnrrenoo  in  the  mineral  kingdom,  notably  as  sodinm 
iodide  in  many  kinds  of  rock  salt,  as  sodinm  iodate  in  the  mother- 
liqoor  from  nitrate  of  soda  works,  as  calcinm  iodide  in  the  oqean,  and 
in  combination  with  potassium,  sodium,  magnesium,  and  calcium  in 
oumj  springs. 

Li  ^e  ccliehe  or  raw  sodinm  nitrate  (Chili  saltpetre)  deposits  of 
South  America,  iodine  is  encountered  in  the  form  of  sodium  iodate,  in 
qtttntities  varying  from  mere  traces  to  50  per  cent.,  and  its  recovery 
b  conducted  on  an  industrial  scale,  as  described  by  R.  Harvey.* 

The  aqwi  viejd^  or  mother-liquor,  of  these  works  contains  about — 

Percent* 

Sodimn  nitrate,  NaNO, 28 

„       chloride,  NaCl 11 

M      sulphate,  Na,804     3 

Ma^eeinm  sulphate,  MgS04       3 

Sodium  iodate,  NalO, 22 

Water,  H,0      83 

The  mother-liquor  is  conducted  through  the  pipe  for  mother- water 
lo  the  precipitators,  which  are  constructed  of  2-in.  tongued  and 
;iooved  timber,  lined  with  sheet  lead,  to  prevent  leakage  by  warping 
md  shrinking ;  they  are  stayed  transversely  by  f-in.  bolts.  The  re- 
igent  for  precipitating  the  iodine  is  the  run-off  from  the  tanks  for 
cid  deposits  in  sufficient  quantity  to  precipitate  the  iodine  held  in 
olntion,  which  is  determined  by  measuring  previous  to  precipitation. 
file  wings,  or  fans,  which  are  also  of  wood,  are  then  turned  by  hand 
mtil  the  liquor  becomes  thoroughly  mixed  with  the  acid. 

This  causes  most  of  the  iodine  to  fall  to  the  bottom  of  the  precipi- 
^rs  in  slimes  and  flakes,  and  some  to  rise  to  the  surface  as  a  black 
roth.  The  iodine  on  the  surface  is  skimmed  off  by  large  wooden 
poons  and  placed  in  clarifying  tanks,  and  the  mother-liquor  is  then 
mwn  off  to  the  tank  for  mother-water  after  precipitation.  Thence 
'  is  returned  to  the  sodium  nitrate  department,  where  it  is  again 
nd,  again  becomes  impregnated  with  iodine,  and  again  goes  through 
eimilar  procesa 

The  deposit  of  iodine  left  in  the  bottom  of  the  precipitators  is 
iken  out  and  placed  in  the  clarifying  tanks,  where  it  undergoes  a 
tries  of  washings  with  pure  water.  It  is  then  filtered  and  partially 
tied  in  a  filter  press,  whence  it  is  taken  and  pressed  in  the  forming 
[ess,  and  is  removed  from  the  movable  bottom  of  the  press  in  blocks 
'  cheese  form,  8  in.  diam.  by  6  in.  thick.  4'he  blocks  are  next  placed 
I  a  cast-iron  retort,  to  which  are  attached  8  earthenware  receivers, 
ich  3  ft.  long  by  2  ft.  6  in.  diam.    The  last  or  end  receiver  is  -stopped 

♦  Min.  Proc.  Inst.  C.E..  paper  No.  1850. 
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by  a  wooden  end  and  clay  joint.  The  joints  of  the  receivers  are  also 
made  of  clay.  When  the  retort  is  charged,  the  crude  iodine  is  sub- 
limed by  a  slow  fire.  After  sublimation,  the  retort  is  allowed  to  cool, 
the  joints  of  the  receivers  are  broken,  the  receivers  are  taken  down 
and  emptied,  and  the  contents  are  placed  in  taired  kegs  for  exporta- 
tion. 

The  crude  iodine,  previous  to  sublimation,  contains :  iodine,  80  to 
85  per  cent. ;  non-volatile  matter,  6  to  10  per  cent. ;  the  remaindei 
being  water.  The  reagent  for  the  precipitation  of  iodine  is  the  acid 
sodium  sulphite,  NaHSOg,  formed  by  saturating  the  aqueous  solution 
of  **salnatron"  (impure  sodium  carbonate,  NajCOa)  with  fumes  d 
burning  sulphur.  "  Salnatri>n  "  is  formed  by  burning  coal-dust  witi 
sodium  nitrate,  thus :  2NaN03  -f  C  =  NajCOa  +  NjOj.  Its  imporitie 
consist  of  sodium  chloride  and  sulphate,  earthy  matters,  and  unbum 
coal ;  the  latter  are  eliminated  by  dissolving  the  salnatron  in  watei 
and  settling. 

The  fumes  from  the  burning  sulphur  are  generated  in  a  firebrid 
oven,  and  are  drawn  by  an  ejector  from  the  oven  to  the  drainer,  whid 
catches  the  particles  of  partly  burned  sulphur,  and  from  the  draine 
to  the  cylindrical  fume  receivers,  which  are  charged  with  "  salnatron^ 
solution,  and  are  traversed  with  perforated  pipes  for  the  passage  c 
the  fumes. 

The  steam  for  the  ejector  is  taken  from  a  small  horizontal  boili 
at  the  extremity  of  the  building.  The  building  is  well  ventilate! 
and  is  made  of  wood  and  corrugated  iron.  The  apparatus  employe 
cost  23,000  dollars  Chilian  currency.  During  the  months  of  Octobi 
and  November  1881,  there  were  exported  from  Iquique  7560  lb.  \ 
sublimed  iodine,  manufactured  by  this  plant. 

A  method  proposed  by  Thiercelin  for  use  in  Chili  and  Peru  is  i 
follows:  —  The  mother-liquors  resulting  from  the  manufacture  ^ 
sodium  nitrate  a^  treated  with  a  mixture  of  sulphurous  acid  : 
soda  sulphite,  in  due  proportions,  and  the  iodine  is  precipitated  \ 
black  powder.  The  precipitated  iodine  is  put  into  earthen  jars, « 
the  bottom  of  which  are  layers  of  quartz  sand,  fine  at  top  and  ooaii 
below ;  from  this  it  is  removed  by  earthen  spoons  into  boxee  lixK 
with  gypsum,  and  a  great  part  of  the  water  is  thus  removed.  It 
sometimes  sold  in  this  impure  state,  or  is  further  purified  by  snblifl 
tion. 
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JET. 

This  mineral  is  nothing  more  nor  less  than  a  species  of  pitch  coal 
fmrnd  in  detached  masses,  grained  like  wood,  splitting  horizontally, 
light,  and  moderately  hard.  It  is  often  confounded  with  "  cannel " 
coal,  but  it  is  quite  distinct.  Cannel  coal  is  much  harder  than  jet, 
h&8  DO  grain,  and  splits  in  any  direction.  Jet  is  not  easily  fused,  and 
requires  a  moderately  strong  heat,  burning  with  a  fine,  greenish- 
white  flame,  and  emitting  a  bituminous  smell. 

In  England  it  is  found  in  greatest  quantities  in  the  neighbour- 
Wod  of  Whitby,  in  Yorkshire.  There  it  is  mixed  with  bitumenised 
rood  and  coniferous  trees  in  the  Upper  Lias  or  alum  shale  of 
he  district.  In  Prussia  it  occurs  in  association  with  amber,  and  is 
itmed  by  the  amber-diggers  "black  amber."  In  France  large 
pantities  are  found  in  the  department  of  the  Aude,  where  a  great 
iTunber  of  artisans  find  steady  employment  in  fashioning  it  into 
nariee,  religious  beads,  and  ornamental  trinkets  when  fashion 
bnands  them.  In  Spain,  jet  is  found  at  Yillaviciosa,  in  the  province 
f  Astnrias,  and  is  manufactured  principally  at  Oviedo. 

Jet  is  of  two  distinct  species,  bard  and  soft ;  the  latter  is  of  very 
linor  importance. 

Hard  jet  is  found  in  strata  known  as  jet  rock  which  occur  in  the 
ias  formation,  some  90  ft.  above  the  main  band  of  Cleveland  iron- 
tone;  it  is  discovered  in  compressed  masses  in  layers  of  very 
iferent  sizes,  being  generally  ^-2^  in.  thick,  4-30  in.  wide  and  4 
r  5  fL  long.  It  invariably  tapers  away,  running,  as  the  miners  say, 
) a  "feather  edge." 

These  jet  layers  are  always  protected  b^  a  skin,  the  colour  making 
tiother  division ;  for  that  found  in  the  cliflGs  by  the  sea  has  always  a 
loe  skin,  while  that  discovered  in  the  inland  hills  has  a  yellow 
ttting.  The  jet  found  in  the  same  mine  varies  very  much  in  quality; 
B  worst  specimens,  those  which  are  quite  brown  and  will  not  take  a 
)lish,  are  termed  "  dazed  "  jet. 

Soft  jet  is  confined  to  the  Lower  Oolite — ^in  the  sandstone  and 
»le— some  480  ft.  higher  than  the  hard  jet,  and  is  undoubtedly  of 
irely  ligneous  origin,  the  fibre  and  the  branches  of  trees  being  more 
1^8  distinctly  marked. 

The  most  valuable  finds  of  jet  have  been  washed  down  by  the 
a's  action,  where  the  jet  rock  crops  out  in  the  cliffis,  and  on  the 
iffs,  where  the  seams  are  exposed.    Nearly  all  the  jet  now  obtained 

found  inland,  and  cliff  jet  is  worked  with  the  same  mining 
erations  as  that  lying  under  the  inland  hills. 

The  process  is  very  simple.  A  mine  is  commenced  by  drifting 
to  the  face  a  passage  of  7  fU  by  5  ft.  A  tramway  is  then  laid 
wn,  and  the  shale  is  tilted  from  the  mouth  of  the  mine ;  the  drift  is 
ntinued  for  about  120  ft.  at  the  rate  of  2-4  ft.  a  day ;  then  cross 
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drifts  are  started  in  a  yariety  of  directions.  As  soon  as  the  rock 
becomes  too  hard,  the  miners  retire,  palling  in  the  roofe  as  they 
recede,  for  the  bulk  of  the  jet  is  found  generally  in  the  falling  top 
rock. 

Rough  hard  jet  varies  in  value  from  4«.  to  21<.  per  lb.,  according 
to  its  closeness  of  texture,  direction  of  grain,  freedom  from  flaws,  and  . 
breadth  for  working.    Soft  jet  varies  from  5«.  6(1.  to  30«.  per  stone.  ; 
The  price  of  Spanish  is  about  the  same  as  that  of  English  soft  jet  { 
The  Whitby  hard  jet  is  the  best,  not  only  for  working,  but  it  wOl 
take  a  fine  polish,  which  it  will  retain  for  years,  and  it  can  1» 
worked  up  into  finer  designs  on  account  of  its  greater  tenacity  and 
elasticity. 

Great  Britain  produced  618  lb.  of  jet,  value  124Z.,  in  1889 ;  and 
1228  lb.,  value  245/.,  in  1890.  Spain  turned  out  55  tons  of  jet  in 
1890.  f 
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LIME. 

LofE  is  one  of  the  oommoneBt  and  most  widely  distributed  minerals, 
n  at  the  same  time  one  of  the  most  nsefol.  As  chalk,  as  limestone, 
ud  as  dolomite  or  magnesian  limestone,  it  ocours  in  enormous  beds, 
belonging  notably  to  the  Cretaceous,  the  Carboniferous,  and  the 
Oolitic  systems,  and  easily  worked  by  open  quarrying.  The  com- 
position of  some  representative  limestones  is  given  below. 


Carboniferoaa. 
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The  method  of  working  deposits  of  limestone  is  influenced  chiefly 
17  the  relative  thickness  of  the  limestone  and  the  overburden,  or 
'tirring,"  and  partly  also  by  the  character  of  ilie  roof  formed  by  the 
iTerbnrden.  In  some  of  the  underground  workings  in  Scotland  *  the 
nt-tum  of  stone  per  man  per  day  at  the  working  face  is  4  tons,  which 
ronld  hardly  be  exceeded  in  quarrpng.  At  tne  open  works  in  N. 
Vales,  after  the  overburden  has  been  removed,  the  men  are  paid  at 
be  rate  of  TcL-Sd.  a  ton  for  getting  and  loading  the  rock,  finding  their 
wn  powder,  but  not  tools  or  sharpening. 

For  agricultural  purposes  these  minerals  undergo  no  preparation ; 
at  for  industrial  application  in  the  form  of  quicklime  for  mortar- 
aking,  &a,  the  chalk  and  limestone  which  contain  no  or  very  little 
lagnesia,  are  burned  in  kilns  to  a  caustic  condition.  To  make  1  ton 
'  quicklime  requires  about  If  ton  of  limestone,  and  consumes  4-8  owt. 
■coal. 

Lime  is  burned,  similarly  to  bricks,  in  either  open  or  dosed  kilns, 
id  either  coal  or  coke  is  generally  in  use  as  the  fuel.    The  feeding 

of  material  and  fuel  may  be  intermittent,  each  charge  being  burned 
id  drawn  before  a  new  charge  is  introduced ;  or  the  feeding  and 
-awing  may  be  continuous,  in  which  case  the  material  and  fuel  are 
<J  in  at  the  top,  as  space  is  afforded  by  tihe  drawing  of  burned  lime 

the  bottom  of  the  kiln.  The  fortner  method  of  burning  is  most  in 
le  with  closed  kilns,  and  the  latter  where  the  kilns  are  open. 

The  ordinary  form  of  an  open  lime-kiln  is  that  of  a  deep  pit, 
krru%ring  towards  the  bottom,  and   lined  with  refractory  stone  or 

*  J.  Horition,  ''Lime«tune  Mining  in  Scotland,"  Trans.  Fed.  Inat.  Min.  Enge., 
199. 
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firebrick ;  and  at  the  bottom  on  one  side  is  a  shoot  or  opening  thioog 
which  the  burned  lime  is  discharged.  The  exterior  is  built  aqua; 
with  stone,  and  where  a  pair  of  such  pits  are  placed  side  by  side  t] 
discharge  is  effected  into  an  arched  passage  constructed  betwerai  the 
below.  Such  a  kiln  is  worked  on  the  continuous  system,  alteroft 
layers  of  limestone  or  chalk  and  fuel  being  charged  in.  Another  kii 
of  open  kiln  used  for  burning  Lias  limestone  is  a  shallow  pit ;  after  tl 
pit  has  been  filled,  more  limestone  and  fuel  are  laid  on  the  top  so 
to  form  a  conical  heap,  which  is  finally  covered  with  a  layer  of  eaii 
patted  down  upon  its  surface.  This  VjIti  is  worked  on  the  inte 
mittent  system. 

The  closed  kilus  in  common  use  are  similar  to  some  of  the  doa 
kilns  uned  for  brick-burning.  One  of  these  forms,  favoared  in  tJ 
glass-making  districts  of  the  north  of  England,  is  the  *'  Newcast 
kiln."  It  consists  of  an  arched  chamber,  having  comnmnicatioi 
behind  at  the  lower  part  with  a  flue,  and  having  an  opening  or  doa 
way  in  front,  which  during  burning  is  bricked  up.  The  front  pa 
is  marked  off  from  the  rest  of  the  floor  by  a  low  brick  ridge,  behir 
which  the  limestone  is. built  up,  yet  so  as  to  leave  near  the  fioi 
passages  about  18  in.  high  from  the  ridge  to  within  about  8  ft.  of  tli 
back  wall  of  the  kiln.  The  fire  is  sometimes  placed  on  the  floor  i 
front  of  the  ridge,  and  small  air  openings  are  left  in  the  bricked-u 
doorway;  but  in  other  cases  fires  are  kindled  over  fire-bars  wit 
ashpits  beneath :  in  either  case  there  are  openings  provided  for  th 
feeding  in  of  fuel.  The  smoke  passes  into  the  flue,  and  is  conduct^ 
by  it  from  all  the  kilns  in  a  series  to  a  chimney.  This  kiln  is  worke 
intermittently.  Another  form  of  close  kiln  is  essentially  an  ordinar 
open  kiln  covered  or  domed  in  at  the  top,  having  an  opening  near  tq 
top  which  conducts  smoke,  &c.,  into  a  flue.  At  alkali  works,  wher 
coke  is  used  as  fuel,  the  carbonic  acid  generated  from  the  combustiof 
is  carried  into  the  works  by  a  pipe,  and  used  in  the  manufacture  i 
carbonate  of  soda. 

At  the  Harper  Works  of  the  Buxton  Lime  Co.,  a  Hofmann  kiln  i 
used.  It  is  of  similar  construction  to  that  in  use  for  brick-buminj 
except  that  there  are  openings  to  the  flues  both  on  the  outer  to 
inner  side  of  each  compartment.  It  has  28  chambers,  which  ai 
worked,  in  sets  of  14,  round  and  round  the  kiln.  The  time  oocupie 
in  working  round  the  kiln  in  this  way  (and  therefore  the  tin 
between  charging  and  discharging  each  compartment)  is  14->2 
days,  equally  good  lime  being  made  in  any  case,  whether  the  kiln  \ 
worked  quickly  or  slowly. 

The  nuisance  proceeding  from  lime-burning  is  chiefly  that  of  th 
smoke  which  issues  from  the  kiln  at  a  low  level.  The  ooal  bums  t 
a  smouldering  way,  and  gives  rise  to  more  offensive  products  th* 
when  it  burns  freely.  That  which  comes  off  from  a  row  of  larg 
kilns  is  sometimes  very  abundant,  and  clouds  the  air  for  a  very  loni 
distance  as  it  floats  away  near  the  ground.  No  smoke  and  very  littJ 
obvious  vapour,  beside  watery  vapour,  arise  from  kilns  in  whidi  cok 
is  used,  unless  the  coke  has  a  little  small  coal  mixed  with  it,  or  wbti 
some  coal  is  used  towards  evening  to  keep  the  kiln  going  during  tb 
night.  If  cinders  are  used,  with  which  organic  (chiefly  vegetable 
e  is  mixed,  the  eflBuvia  are  very  offensive,  the  odour  being  simik 
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to  that  arisiiig  from  the  clamp  burning  of  bricks.  The  burning  of 
Oarboniferons  limestone  gives  rise  to  a  particularly  ofifensive  fume, 
Sue  to  the  evolution  of  similar  products  to  those  which  are  obtained 
bj  the  distillation  of  oil-shales.  The  gases  given  off  from  a  burning 
luDe-kiln  are  poisonous,  and  may  injure  the  health  of  persons 
redding  near,  if  they  chance  to  enter  the  house  in  any  considerable 
quantity. 

Since  the  greater  part  of  the  nuisance  of  lime-burning  is  due  to 
the  products  of  the  imperfect  or  slow  combustion  of  the  fuel  used,  one 
obviouB  mode  of  lessening  the  nuisance  is  so  to  burn  as  to  use  as  small 
\  quantity  of  the  fuel  as  is  practicable  for  the  attainment  of  a  good 
nralt,  or  to  use  such  fuel  as  does  not  emit  offensive  smoke.    At  most 
of  the  large  lime  works  in  Derbyshire,  the 
Ibel  used  is  the  commonest  and  cheapest 
ooal  obtainable.      Some  is  very  largely 
mixed  with  shaly  matter  ("  bass  '*),  and 
the  quantity  therefore  thrown  into  the 
kiln  with  the  stone  is  enormous.     The 
bad  quality  of  the  coal  necessitates  this 
extravagant  use  of  it,  and  the  result  of 
the  burning  is  commensurably  bad.     A 
good  deal  of  the  stone  introduced  is  dis- 
diarged  imperfectly  burned,  and  mixed 
with  the    lime  drawn  are  clinkers  and 
stony  matters,  and  the  lime  has  to  be 
picked  over  by  hand.     Thus  two  pro- 
ducts are  obtained,  namely,  lime  and  re- 
Ibse  matter,  both  of  which  have  to  be 
carted  away  separately.     Such  a  mode  of 
burning  is  not  only  a  source  of  nuisance, 
but  is  obviously  wasteful  of  fuel,  lime, 
and  labour. 

Precisely  the  same  kind  of  stone 
which  is  burned  at  the  Grin  works  at 
Bnrbage,  is  burned  in  the  Hofmann  kiln 
at  Harper,  with  the  evolution  of  scarcely 
any  perceptible  smoke,  and  with  the  use 
of  no  more  than  3  or  4  cwt.  of  coal  to 
each  ton  of  lime  made,  while  the  propor- 
tion of  refose  picked  from  the  lime  is 
most  insignificant.  Good  Bakewell  slack 
is  used  at  the  Hofmann  kiln. 

A  form  of  kiln  invented  by  Spencer, 
and  which  is  in  use  at  his  works  at 
Lnthersdale,  does  good  work  with  but 
little  evolution  of  smoke,  and  with  great  pjQ 
economy  of  coal.  Fig.  88  shows  the  prin- 
ciple on  which  the  kiln  is  constructed.  The  kiln  is  made  in  two  cham- 
berea  6,  one  above  the  other,  with  a  sufi&ciently  wide  communication  c 
between  them.  The  limestone  is  charged  in  at  the  top  of  the  upper 
chamber,  and  good  slack  is  introduced  at  small  openings  or  channels 
e,  nmnd  the  top  of  the  lower  chamber,  access  to  these  apertures  being 
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had  by  passages /oonstructed  in  this  situation  and  between  adjoining 
kilns.  The  feeding  of  limestone  is  continuous,  and  the  lime  is  drawn 
as  usual  below  at  a.  In  this  way  the  combustion  of  the  fuel  is  caused 
to  take  place  where  it  will  produce  the  maximum  effect,  and  the  waste 
heat  warms  up  the  stone  in  the  upper  chamber  before  it  falls  into  the 
lower  chamber,  where  it  is  burned.  Such  a  kiln  is  best  constructed 
on  the  side  of  a  hill  for  convenience  of  supplying  the  limestone  at  the 
top  and  drawing  the  lime  at  the  bottom. 

At  the  Loan  Head  works,  one  of  the  kilns,  which  is  partiallj 
closed  at  the  top,  has  an  arrangement  for  collecting  and  condensing 
the  oils,  &c.,  which  came  off  during  the  burning  of  the  carboniferota 
limestone.  It  consists  of  a  pipe  or  flue  leading  to  a  chimney,  the 
draught  of  which  draws  off  the  vapours  from  the  kiln. .  In  the  oooise 
of  the  pipe  is  placed  a  continuous  condenser  similar  to  that  in  use  at 
oil- works,  and  this  succeeds  in  condensing  some  at  least  of  the  offen- 
sive mattei-s  ;  the  condensed  oils  in  this  case  have  a  marketable  valne. 

Where  ordinary  close  kilns,  snch  as  the  Newcastle  kiln,  are  used, 
the  smoke  and  vapours  may  be  conducted  to  a  chimney  which 
will  discharge  them  at  such  an  elevation  as  to  prevent  their  beooming 
a  nuisance. 

Following  is  a  description  of  a  modem  Califomian  lime-kiln  which 
is  supplied  with  limestone  by  trucks  worked  by  a  gravity  pnUey  from 
the  quarries  above.  The  kiln  is  an  upright  circular  furnace  aboot 
60  ft.  high,  tapering  from  a  circumference  of  about  100  ft.  at  the  base, 
to  about  40  at  the  top ;  it  is  surmounted  by  a  smokestack  60  ft.  high. 
This  kiln  is  connected  with  an  outer  wall  of  ordinary  brick,  and  ao 
inner  one  of  firebrick,  the  space  intervening  being  filled  with  concrete, 
altogether  forming  a  wall  about  6  ft.  thick. 

The  trucks  from  the  quarry  are  lowered  to  the  charging  platform 
which  leads  to  the  door  of  the  furnace.  About  20  ft.  beneath  thd 
charging  platform,  the  kiln  is  surrounded  by  a  firing  door.  On  a 
level  with  this  floor  are  3  fireplaces,  placed  at  equal  distances  in  tiw 
main  body  of  the  kiln.  The  ashpits  beneath  the  grates  of  the  fire- 
places extend  directly  down  through  the  wall  of  the  kiln,  leading 
separately  and  directly  to  the  ground  or  drawing  floor,  about  20  fi 
below.  The  space  in  the  kiln  l^tween  the  level  of  the  fireplaoes  and 
the  ground  floor  constitutes  a  cooling  chamber,  the  lime  being  drawn 
from  3  openings  at  the  bottom  of  the  kiln.  This  kiln  is  charged  bv 
filling  the  cooling  chamber  wijth  waste  rock  up  to  the  level  of  tl^ 
fireplaces,  above  which  18  truckloads,  equal  to  about  30  tons  of  lime- 
stone, are  dumped.  The  fires  are  then  lighted,  being  fed  with  4  ft 
sticks  of  redwood. 

After  burning  3  days,  a  charge  equal  to  24  barrels  of  waste  rock 
is  drawn  from  the  draw-holes  at  the  bottom  of  the  kiln,  just  as  thougb 
it  were  burnt  lime,  and  fresh  limestone  is  added  at  the  charging  door 
to  keep  the  charge  at  the  proper  height  in  the  kiln.  After  6  draw- 
ings, which  now  take  place  in  24  hours,  the  waste  rock  is  all  draws 
out,  and  the  lime  begins  to  make  its  appearance.  The  lime  is  sorted 
and  shovelled  into  raw-hide  baskets,  and  hauled  to  the  depot  where  it 
is  shipped  in  bulk.  This  kiln  consumes  4J-6  cords  of  wood  in  24 
hours,  producing  160  barrels  of  lime  in  that  time. 
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MICA. 

The  minerals  known  as  mica  are  oomplex  silicates  of  alumina,  with 
other  bases  (iron,  soda,  potash,  magnesia,  and  lithia).  They  occur  in 
fimall  scales,  as  a  constituent  of  common  granite,  or  in  distinct  crystals 
fiometimes  3  or  4  ft.  diam.    The  mica  minerals  are : — 

(1)  Muscovite,  or  potash  mica,  the  most  common  variety,  is  known 
u  "white mica,"  and  furnishes  the  transparent  sheets  for  stove-doors, 
hz.  In  thin  sheets  it  is  colourless;  in  thick  blocks,  white,  grey, 
brown,  or  wine-coloured.  Muscovite  is  much  harder  than  any  of  the 
other  mica  minerals. 

(2)  Biotite,  or  magnesia-iron  mica,  is  very  common  in  Canada,  and 
fonishes  what  is  knovm  as  '*  amber  mica."  Even  in  thin  sheets  it  is 
<flily  partially  transparent,  being  highly  coloured  with  iron  oxide. 
Biotite  is  often  found  in  small,  very  dark,  even  black,  scales  and 
crystals. 

Mu80ovite  and  biotite  are  the  only  varieties  of  commercial  impor- 
tance. Besides  these  are  phlogopite,  or  magnesia  mica,  found  mostly 
in  ciystalline  limestone,  and  lepidolite,  or  lithia  mica. 

Mica  (muscovite)  in  crystals  large  enough  to  make  merchantable 
itieets  occurs  in  veins  or  dikes  of  very  coarse  granite,  usually  in 
gnnitio  country-rock,  gneiss,  mica-schist,  porphyritic  granite,  &c. 
The  quartz,  mica,  and  felspar  of  these  veins  of  granite  appear  in  large 
crystals  or  masses.  The  mica  often  occurs  in  regular  strings  of 
Tystttls  parallel  and  near  to  the  hanging  or  foot- wall.  More  fre- 
quently, however,  the  mica  crystals  are  found  in  irregular  bunches 
iny  where  in  the  vein— especially  noticeable  where  a  vein  **  bellies  ** 
-or  in  ofinhoots. 

Mica  veins  often  contain  such  minerals  as  beryl,  tourmaline,  garnet, 
>)lambite,  samarstite,  and  cassiterite.  In  the  phosphate  districts  of 
•fitem  Ontario  and  Quebec,  junber  mica  is  found  associated  with 
thosphate  veins,  at  times  occurring  on  the  walls  and  at  times  forming 
b©  whole  vein  filling. 

A  mica  vein  is  only  a  vein  of  very  coarse  granite,  in  which  the 
eispar,  quartz,  and  mica  have  crystallised  on  a  large  scale.  It  differs 
rum  ordinary  granite  chiefly  in  this  respect,  that  while  in  granite 
be  crystallising  forces  have,  in  a  measure,  interfered  with  each  other, 
u  a  mica  vein  each  has  had,  so  to  speak,  free  play.  The  crystals  of 
uca  in  granite  seldom  attain  a  greater  size  than  ^V  ^  i  ^*  across ;  a 
ingle  mica  "  block  "  from  Mitchell  County,  Carolina,  made  two  two- 
onw  wagon  loads,  and  could  not  have  weighed  less  than  2000  lb. 
L  single  block  of  "  A  "  mica  from  the  Mart  Wiseman  mine  in  Mitchell 
'ounty,  was  6  ft.  long  and  3  ft.  wide.  The  crystals  of  felspar  in 
Tanite  are  seldom  larger  than  ^  to  ^  in.  across.  A  single  felspar 
rjstal  from  the  Balsam  Gap  mica  mine,  Buncombe  County,  weighs 
*X)  lb.     Although  no  large  quartz  crystals  have  been  obtained  from 
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these  mines,  large  masses  of  crystallised  quartz  (generally  the  darker 
coloured  sorts)  are  constantly  met  with.  The  €MXX)mpanying  small 
red  garnets  are  generally  spriukled  through  the  quartz,  and  not 
through  the  mica  or  felspar. 

The  mica  veins  in  North  Carolina  are  true  fissure  veins,  differing 
in  this  respect  from  the  mica  veins  of  New  Hampshire,  which,  accord- 
ing to  Shaler,  appear  to  be  obscure  beds  closely  following  the  general 
run  of  the  apparent  bedding  that  characterises  the  granites  in  this 
part  of  the  country. 

Hitchcock  ranks  the  Grafton  (New  Hampshire)  mica  veins  in  tlie 
gneissic  senes,  and  says  that  valuable  deposits  are  found  only  within 
the  fibrolite  area  (mica  schist  with  fibrolite,  one  of  the  supposed 
divisions  of  the  Montalban  Qroup).  Thi>4  fibrolite  area  lies  between 
the  two  great  areas  of  porphyritio  gneiss,  very  well  developed  between 
Bumney  and  Hebron. 

Of  the  influence  of  the  walling  on  the  quantity  and  quality  of  the 
mica,  but  little  is  known.  Some  of  the  more  experienced  miners  in 
Mitchell  County  say  that  both  the  quantity  and  the  quality  of  ^ 
mica  depend  upon  the  character  of  the  walling  and  of  the  vein ;  bnt 
so  many  accessory  circumstances  influence  the  quality  of  the  mica,  such, 
for  instance,  as  the  width  of  the  vein,  the  presence  of  flat  and  curved 
mica,  of  crystallised  felspar,  &c.,  that  the  time  has  not  yet  oome  for 
expressing  an  opinion.  These  circumstances  may  depend  more  or  less 
upon  the  character  of  the  walling ;  but  if  so,  it  is  not  known  just  what 
the  connection  is.  The  same  may  be  said  as  to  the  influence  of  width,  | 
depth,  dip,  strike,  and  accompanying  minerals. 

Below  the  zone  of  atmospheric  influences,  rarely  extending  below 
20  ft.,  and  sometimes  not  below  10  ft.,  the  vein  becomes  more  solid, 
and  the  quality  of  the  mica  improves.  The  width  of  the  veins  varies 
much,  from  3  ft.  to  40  ft.,  sometimes  in  the  same  mine  varying  from 
3  ft.  to  20  ft.  Nipping  of  the  vein  is  a  common  occurrence,  occasion- 
ally to  almost  entire  obliteration.  The  "stringers'*  that  make  off 
from  the  main  vein  penetrate  into  the  wall  rock  at  various  angles,  tnd 
though  narrow  sometimes  yield  fine  mica. 

The  rough  mica  is  hoisted  from  the  mine  in  blocks  of  considerable 
size,  weighing  50  to  250  lb.,  tabular  in  shape,  and  more  or  lees  con- 
taminated with  fragments  of  felspar,  quartz,  waste  mica,  &c.  It  is 
the  purpose  of  the  dressing  to  free  the  blocks  fro  ji  all  materials  not 
made  use  of  in  preparing  cut  mica.  This  is  all  done  by  hand,  and 
consists  in  cleaving  a  block  with  thin  steel  wedges  along  the  planes  of 
lamination,  separating  it  into  a  number  of  tabular  pieces  about  \  in. 
thick,  and  as  large  as  the  stock  will  allow.  These  pieces  are  thea 
further  cleaved  until  the  proper  thickness  for  cut  mica  is  attained,  thil 
being,  according  to  the  use  it  is  to  be  put  to,  |  to  yV  w^-*  ^^  even  thiih 
ner.  The  workman  doing  this  also  frees  the  sheets  from  adhering 
quartz,  fragments  of  mica,  &c.,  and  passes  them  to  the  **  scriber." 

Scribing  is  an  operation  demanding  a  considerable  degree  of  skill 
and  experience.  Upon  it  depends  the  yield  of  cut  from  block  mica. 
It  is  performed  by  laying  upon  the  sheet  the  pattern  by  which  it  is  t» 
be  cut,  and  marking  or  scribing  around  it  with  a  knife  or  simiii 
instrument.     The  patterns  are  pieces  of  tin,  sheet  iron,  &c.,  with   ' 
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shape  and  size  determined  by  the  order  from  the  mica  brokers  or 
dealers  in  large  cities,  or  by  the  stove-maker  himself.  In  Mitchell 
Ck>unty,  Carolina,  alone  are  about  100  different  patterns,  and  their 
shape  and  size  are  constantly  var3ring  according  to  the  fashion  for  stove 
wixidows.  The  size  of  cut  mica  was  formerly  of  much  greater  con- 
sequence than  at  present  Several  years  ago  there  was  a  regular  and 
systematic  increase  in  value  with  the  increase  in  size,  the  quality  of 
course  remaining  the  same.  This  is  true  to  some  extent  now,  though 
there  appears  to  be  a  decided  tendency  towards  smaller  patterns.  The 
first  noticeable  change  in  that  respect  was  perhaps  in  1883-84,  when 
the  stove  manufacturers  were  compelled  by  the  scarcity  of  large  mica 
to  U86  smaller  sheets.  They  found  the  change  so  advantageous  to 
their  pockets  that  they  persevered  in  it.  Not  that  small  mica  is  as 
valuable  as  large  mica,  but  large  sheets  are  not  as  valuable  as  they 
were  ten  years  ago.  There  is  a  limit  below  which  it  is  not  safe  to  go, 
probably  3  by  6  in.  The  patterns  range  in  size  from  1  by  1  in.  up  to 
8  by  10  in.,  or  as  large  as  the  stock  will  permit,  increasing  \  in.  each 
time.  As  the  value  of  the  mica  increases  at  the  same  time,  it  becomes 
necessary  to  cut  from  a  given  rough  sheet  the  largest  number  of  patterns 
of  the  highest  market  value.  The  price  of  mica  depends  not  only  upon 
the  size,  but  also  upon  its  freedom  from  specks,  stains,  cloudiness,  and 
striations^  these  governing  its  quality.  Of  late,  too,  a  certain  '*  amber '' 
or  rum-coloured  mica  has  become  fashionable,  and  fancy  prices  are 
■ometimes  paid  for  a  good  lot  of  extra  *'  rum "  mica.  The  regular 
etiourless  or  **  white  "  mica,  however,  commands  the  bulk  of  the  trade. 
Certain  mines  are  famous  for  **  rum  "  mica. 

As,  after  the  scribing,  the  sheets  are  cut  with  heavy  shears  along 
the  lines  marked  down,  it  will  at  once  appear  that  much  skill  and 
experience  are  required  of  a  good  scriber.  He  must  be  constantly  on 
the  alert  to  fumiuh  from  every  piece  the  largest  number  of  valuable 
eut  sheets.  With  the  diversity  in  patterns  and  prices,  and  the  vari- 
ation in  the  mica  itself,  this  becomes  no  easy  task.  A  good  scriber 
always  commands  good  wages,  for  upon  his  skill  depends  the  yield  of 
cut  from  block  mica.  No  matter  how  much  block  mica  is  brought  to 
bank,  nor  how  good  the  quality  of  it,  if  the  sheets  be  not  properly 
scribed  the  yield  of  cut  mica  diminishes,  and  with  it  the  profit.  A 
really  skilful  scriber  will  get  from  a  given  block  twice  as  much  cut 
mica  as  a  beginner.  He  sees  at  a  glance  just  what  patterns  a  certain 
»heet  should  yield,  he  instantly  detects  flaws,  stains,  &c.,  and  with  a 
few  rapid  movements  of  his  marking  implement  he  '*  scribes  "  the 
sheet  and  passes  it  to  the  "  cutter,"  who  merely  cuts  the  sheet  through 
along  the  lines  marked.  The  dififerent  sizes  are  then  cleaned  of  the 
fine  filaments  of  mica  with  a  stiff  brush,  wrapped  in  strong  paper, 
generally  in  1  lb.  packages,  boxed  and  shipped. 

Cut  mica  is  the  only  product  of  a  mica  mine  that  is  sold  on  a  com- 
mercial scale.  It  determines  the  value  of  the  mine.  So  much  depends 
on  the  quality  of  the  blocks  and  of  the  rough  sheets,  whether  they  are 
stained,  or  cloudy,  or  flawy,  or  striated ;  so  much  depends  on  the  skill 
of  the  scriber,  and  other  local  conditions,  that  what  is  here  said  is  to 
be  taken  as  applicable  to  average  conditions. 

On  the  average,  therefore,  100  lb.  of  block  mica  should  yield  10  to 
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12  lb.  of  cut  mica.  Instances  are  not  unknown  where  the  yield  has 
fallen  to  5  per  cent. ;  it  has  risen  at  some  mines  to  33  per  cent.,  and 
once  to  75  per  cent.  With  the  general  average  of  block  mica  a  12  per 
cent,  ^ield  in  cut  mica  is  considered  a  fair  return.  These  12  lb.  will 
Tary  in  value  according  to  the  quality  and  size  of  the  patterns,  tke 
highest  price  being  16<.  a  lb.,  and  the  average  price  not  far  from  7i. 

A  12  per  cent,  yield  with  these  figures  will  give  an  average  value 
of  4Z.  per  100  lb,  of  block  mica. 

Mica  is  now  being  extensively  and  very  cheaply  mined  in  India, 
and  even  a  35  per  cent,  (id-^nilorem  duty  has  not  sufficed  to  prevent 
Indian  mica  from  successfuUv  competing  with  the  indigenous  article 
in  the  United  States,  especially  in  the  best  qualities  of  cut  mica. 

The  Canadian  deposits  of  amber  mica  are  so  large  and  cheaply 
worked  that  they  practically  supply  all  demands  which  do  not  require 
transparency.  The  production  varies  from  40,000  lb.  upward  per 
annum.  It  is  well  adapted  for  electrical  applications,  in  which  flexi- 
bility and  perfect  cleavage  are  essential,  while  colour  is  of  no  moment 

The  United  States  afford  some  60,000  lb.  annually,  but  import  even 
more. 

In  recent  years  the  preparation  of  ground  mica  has  become  an 
industry  of  itself.  Waste  or  scrap  mica  is  generally  used.  The 
difficulties  of  grinding  are  great,  owing  to  the  tough  and  scaly  natore 
of  the  materisd.  Mills  which  work  weU  on  almost  everything  else  fail 
utterly  on  mica.  Becently  there  has  been  a  return  to  old-fashioned 
burr-stones,  though  most  of  the  manufacturers  keep  their  process  a 
secret.     The  grinding  is  usually  wet. 

Ground  mica  is  now  largely  used  for  purposes  of  decoration,  as  in 
the  manufacture  of  wall-paper,  where  the  coarsest  grades  are  used  to 
give  a  frosted  and  spangled  efifect,  and  the  finest  grades  to  form  a 
metallic  white  surface.  It  is  also  used  in  making  a  lustrous  hair 
powder,  &c.  Medium  sizes  of  ground  mica  are  used  in  the  manu&ctue 
of  lubricants  for  journals  and  axle-bearings.  Some  manufacturers 
grind  mica  to  a  very  fine  powder  for  '*  specialties,"  but  the  sijses  of 
ground  mica  usually  made  are  24, 40, 60,  70,  80, 100, 140, 160,  and  200 
meshes  to  the  inch,  and  the  prioes  range  from  2^.  to  bd,  per  lb. 
Scrap  mica  for  grinding  is  bought  for  about  50<.  per  ton  at  the  mine. 
It  must  be  free  from  rust  or  specks,  which  would  affect  the  colour  and 
lustre  of  the  product. 
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PEARLS. 

Hant  molltiscs  line  tlie  interior  of  their  shells  wltli  a  coating  formed 
of  flltemate  layers  of  animal  membrane  and  carbonate  of  lime ;  this, 
in  some  species,  assumes  a  nacreous  or  pearly  lustre,  and  forms  the 
rabstanoe  known  as  "mother-of-pearl."  A  superabundance  of  this 
eecretiosi  is  often  produced  in  drops  or  tuberosities,  adhering  to  the 
interior  of  the  shell,  or  lodged  in  the  fleshy  part  of  the  occupant ;  these 
fonn  the  "  pearls  "  of  commerce.  The  formation  of  mother-of-pearl  is 
evidently  a  natural  and  unvarying  process  with  certain  species  of 
moUusc,  though  little  research  has  been  made  as  to  the  conditions 
which  favour  or  retard  it.  The  production  of  pearls,  on  the  other 
hand,  at  least  in  the  case  of  the  true  pearl  mussel,  is  accounted  accidental 
(possibly  on  insnfSoient  grounds),  and  is  generally  attributed  to  disease 
or  injury  suffered  by  the  occupant  of  the  shell. 

During  the  summer  months,  the  Arabs  prosecute  a  small  pearl- 
fishery  along  the  coasts  of  the  Bed  Sea.  The  captured  molluscs  are 
taken  ashore  and  exposed  to  the  sun,  when  they  quickly  open ;  they 
are  then  examined  for  pearls,  and  thrown  away.  The  headquarters  of 
this  fishery  is  Jedda.  The  pearl-mussel  fishery  in  the  Persian  Gulf, 
principally  on  the  banks  of  tne  island  of  Bahrein,  is  also  in  the  hands 
of  the  Arabs.  The  best  beds  are  said  to  be  level,  and  formed  of  fine 
whitish  sand,  overlying  the  coral,  in  dear  water.  About  4000  to  5000 
boats  are  engaged,  and  the  annual  value  of  the  harvest  may  be  placed 
at  600,0002.  The  beds  occur  at  all  depths  down  to  18  fitthoms,  and 
probably  lower ;  the  chief  diving  is  in  4  to  7  fathoms. 

The  Ceylon  or  Tinnevelly  fishery  is  situated  on  the  west  coast  of 
Ceylon,  in  the  Gulf  of  Manaar,  southwards  of  the  island  of  that  name, 
and  along  the  opposite  coast  of  the  Indian  continent,  near  Tuticorin. 
The  banks  lie  in  eroups :  the  first,  opposite  the  village  of  Arippu, 
comprises  the  so-caUed  reria-Par,  Peria-Par  Earai,  Cheval-Par,  Eallu« 
tidel-Par,  and  Modaragam-Par ;  &cingthe  village  of  Earaitivu,  is  the 
bank  of  that  name ;  and  off  the  village  of  Chilaw,  are  Earakupanai- 
Par  and  Jekenpedai-Par.  These  banks  are  6  to  8  miles  from  the  shore, 
and  dj  to  8i  fathoms  below  the  surface.  They  consist  of  masses  of 
rocky  ground,  rising  from  the  sandy  bottom,  and  are  probably  exposed 
to  ocean  cvirrents. 

After  the  pearls  are  collected,  they  are  classified,  sized,  and  valued. 
The  classification  is  as  follows  :---(l)  Ame^  pearls  of  perfect  sphericity 
and  lustre ;  (2)  anoAorUy  failing  in  one  of  these  points ;  (3)  moBengoBj 
faHmg  slightly  in  both  points;  (4)  kaJippo,  fauine  still  more;  (5) 
torowd^  double;  (6)  f>e«fa(,  misshapen ;  (7)  oodwoe^he&uty ;  (8^  man- 
d^Mgoe^hentorioldea;  (9)  AuroZ,  very  small  and  miashapen ;  (10)  ihool^ 
**  seed."  The  sizing  is  effected  by  passing  them  through  a  succession 
of  brass  cullenders,  called  '*  baskets,"  having  the  size  and  shape  of  large 
«auioers.    There  are  10  to  12  of  these.     The  first  is  perforated  with 
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20  holes,  and  the  pearls  which  do  not  pass  through  it  by  shaking  are 
called  "  of  the  20th  basket"  The  succeeding  baskets  have  30,  50,  80, 
100,  200,  400,  600,  800,  1000,  each  giving  the  name  corresponding 
with  its  number  of  holes  to  the  pearls  that  do  not  pass  through. 
After  sizing,  the  pearls  are  weighed,  and  their  value  is  then  expressed 
at  a  rate  "  per  chow*'  which  term  embraces  all  the  qualities  which  have 
been  estimated. 

The  great  Queensland  pearl-fishery  in  Torres  Straits  is  carried  on 
by  boats,  with  Malay  divers,  in  water  of  4  to  6  fathoms.  The  peail 
mussels  of  Torres  Straits  have  a  weight  of  3  to  6  lb.,  and  even  10  lb. 

Diving  for  pearl  is  one  of  the  chief  occupations  of  both  sexes  of 
natives  in  the  islands  of  the  South  Pacific.  The  mollusc  here  sought 
is  the  mother-of-pearl-yielding  mussel,  which  inhabits  the  interior 
lagoons  of  the  great  coral  atoUs,  It  frequents  the  clean  growing  coral 
where  it  can  attach  itself  free  from  sand  or  drift,  and  where  there  is 
considerable  influx  and  efflux  of  tide.  It  is  also  to  be  found  in  great 
numbers  under  the  breakers  that  beat  upon  the  outer  reefs,  and 
probably  at  greater  depths  in  the  sea  beyond. 

Pearls  of  consideraole  value  are  sometimes  found  in  fresh-water 
moUusca,  so  much  so  that  the  search  for  them  is  quite  a  domestic 
industry  in  some  localities,  especially  during  extra  dry  seasons.  It 
would  seem  that  seeking  for  pearls  may  be  rewarded  in  any  creek  or 
river  where  limestone  is  the  country  rock,  since  the  unios  haye  a 
tendency  to  secrete  nacreous  matter  wherever  carbonate  of  lime  is 
provided. 

For  further  information  the  reader  is  referred  to  Spons'  Ency- 
clopsddia. 
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PEAT. 

Peat  consists  of  the  cnmulatively  resolved  fibrous  parts  of  certain 
mosses  and  graminaceaB.  It  gradually  darkens  from  brown  to  black 
iritli  increasing  age.  Judging  from  Dr.  Angus  Smith's  residts,  it 
grows  at  the  rate  of  about  1  in.  a  year.  A  pectinous  substance  has 
been  found  amongst  its  constituents.  As  a  fuel,  it  is  most  economi- 
cally used  at  the  spot  where  it  is  grown.  It  has  been,  however, 
dcfitructively  distilled  at  a  low  temperature  for  tar,  a  branch  of 
industry  now  scarcely  profitable.  The  process  gives  a  very  porous, 
friable  charcoal,  possessed  of  great  decolorising  power;  gas  rich  in 
ORrbonic  dioxide  is  also  given  off.  A  ton  of  good  peat  may  yield  more 
than  5600  cub.  ft.  of  gas.  The  purified  gas  contains  about  11  per 
cent  of  vaporised  hvdrocarbides,  37  of  marsh  gas,  31  of  hydrogen, 
tnd  19  of  carbonic  oxide ;  it  is  thus  (as  its  mode  of  formation  suggests) 
less  oxygenated  than  wood  gas,  but  more  oxygenated  than  coal  gas. 
The  liquor  is  rich  in  hydric  acetate,  which  amounts  to  about  *  2  per 
cent  on  the  x>eat ;  ammonic  sulphate,  taken  similarly,  exceeds  1  per 
cent  Qood  peat  yields  about  3  to  6  per  cent,  of  tar  proper,  which  is 
oomrokFatively  easy  to  purify  by  the  usual  method. 

The  method  of  cutting  peat  in  the  Highlands  of  Scotland  is  very 
difTerent  from  that  adopted  for  cutting  peat  from  bogs.  In  the  first 
place  trenches  are  opened  at  distances  of  about  10  yd.  apart ;  and, 
scoording  to  the  nature  of  the  ground,  these  trenches  are  made  50  to 
500  yd.  long.  After  removing  the  surface  sod  at  the  places  where 
the  trenches  are  to  be  cut,  for  a  width  of  3  ft.  along  the  whole  line  of 
the  trench,  the  peat-cutter  digs  out  the  peat  with  a  peculiar-shaped 
tool,  in  slices  of  about  1  ft.  square  and  3  or  4  in.  thick.  As  fast  as 
these  slices  are  cut,  another  man  takes  them  off  the  peat  iron  and 
throws  them  on  the  surface,  so  as  to  spread  them  out  as  much  as 
possible.  In  this  waj  prisms  of  peat,  measuring  3  ft  in  width  and 
depth,  are  cut  out  at  intervals  of  10  yd.,  and  the  number  of  slices  cut 
in  each  trench  are  just  as  many  as  a  man  can  throw  on  both  sides  of 
the  trench  without  shifting  his  position  except  from  one  end  of  the 
trench  to  the  other  as  the  cutting  advances. 

In  succeeding  years  the  peat  is  cut  from  the  two  banks  thus 
formed  in  each  trench,  to  a  width  of  only  18  in.  and  a  deptii  of  3  ft. 
The  advantage  of  this  system  of  cutting  is  that  there  is  no  necessity 
for  removing  the  peat  by  barrows  to  the  spreading-ground,  a  pro- 
ceeding which  is  attended  with  considerable  expense  for  labour. 
Whm  the  peat  is  cut  in  this  way  from  a  bank  150  yd.  long,  it  will 
give  75  cub.  yd.  of  wet  peat,  and  the  number  of  slices  into  which  this 
is  divided  will  be  about  8000.  Then,  as  the  banks  are  10  yd.  apart, 
there  are  5  yd.  width  of  drying  ground  to  each  bank,  or  a  superficial 
area  of  6750  sq.  ft  to  each  bank  of  150  yd.  long.  Cutting  it  in  this 
^ay  every  year,  it  would  take  10  years  to  remove  the  whole  of  the 
peat  to  a  depth  of  3  ft  As  the  banks  are  cut  away  in  successive 
years  the  area  of  spreading-ground  on  the  surface  is  reduced,  and  some 
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of  the  peat  has  to  be  spread  at  the  bottom  of  the  trench,  the  area  of 
which  increases  as  that  of  the  banks'  surface  is  reduced  by  the 
cutting. 

The  peat  cut  to  a  width  of  18  in.  and  a  depth  of  3  ft.  from  a  bank 
of  150  yd.  lonK9  is  what  is  called  an  iron's  work,  and  the  75  yd.  of 
peat  80  cut  yields  about  10  tons  of  dry  peat,  so  that  to  cut  7000  or 
8000  tons  of  dry  peat  would  require  750  irons'  work,  or  banks  about 
64  miles  in  lengtn,  and  extending  OTor  an  area  of  about  \  sq.  mile. 
This  area  of  ground  would  supply  7000-8000  tons  every  year  for 
10  years. 

The  cutting  and  spreading  of  peat  in  this  way  forms  but  a  pro- 
portion of  the  cost  of  the  dry  peat.  A  far  more  considerable  portion 
of  its  cost  results  from  the  labour  of  collecting  the  dry  peat  and 
bringing  it  to  the  place  where  it  is  to  be  used.  Herein  lies  one  of  the 
greatest  difficulties  of  employing  peat  on  any  very  extensive  soak 
Whatever  mode  may  be  adopted  for  collecting  the  dried  peat  to  one 
spot  for  use,  the  cost  of  carriage  will  increase  in  proportion  to  tlie 
increase  in  tiie  quantity  of  peat  consumed  at  that  spot. 

Another  prominent  difficulty  attending  the  use  of  peat  oonsLsts  in 
obtaining  it  in  a  dry  state,  fit  for  use  as  fuel  or  otherwise.  Mountain 
peat,  as  it  occurs  naturally,  contains  as  much  as  80  per  cent,  of  water, 
even  when  it  has  been  well  drained,  and  bog  peat  often  contains  veir 
much  more.  Consequently,  to  obtain  1  ton  of  dry  peat,  5  tons  of 
material  have  to  be  dug  and  spread,  and  4  tons  of  water  have  to  be 
got  rid  of  by  evaporation.  When  mountain  peat  is  cut  in  slices  and 
spread  out  on  the  ground  during  dry  weather,  the  drying  eoes  on 
rapidly,  the  surface  of  the  pieces  acquires  a  kind  of  skin,  which  is  not 
wettea  again  by  rain,  and  the  peat,  in  the  course  of  a  week,  is  snffi- 
ciently  hardened  to  be  handled ;  the  pieces  are  then  set  up  on  edge, 
so  that  the  air  may  play  on  both  sides,  and  in  the  course  of  6  to  8 
weeks  they  are  dry  enough  to  be  stacked  or  heaped  up.  But  peat 
districts  are  generally  remarkable  for  a  very  moist  atmosphere  and 
for  a  great  frequency  of  rain.  In  the  Highlands  of  Scotland  and  in 
the  Hebrides,  on  the  average  there  is  rain  4  days  out  of  6,  and  it  r 
only  the  months  of  May,  June,  and  July  that  afford  any  continuance 
of  weather  favourable  for  drying  peat.  Therefore  the  peat  must  all 
be  cut  before  the  end  of  May  at  latest.  On  the  other  hand,  if  the 
peat  is  cut  during  frosty  weather,  and  becomes  frozen,  it  crumbles  to 
powder  when  the  thaw  comes,  and  for  this  reason  it  is  not  safe  to 
commence  the  cutting  at  all  before  April  or  even  May.  As  a  rule  it 
might  be  said  that  the  month  of  May  is  the  only  time  available  for 
cutting  peat.  Once  a  skin  has  formed  on  the  surface  of  the  pieces,  it 
may  be  considered  safe,  whatever  kind  of  weather  follows.  It  maj 
then  remain  on  the  ground,  set  up  in  little  heaps,  till  the  autumn, 
and  will  get  the  advantage  of  whatever  dry  weather  there  may  be^ 
Two  men  working  together,  one  cutting  and  the  other  casting  the 
peat,  will,  in  good  weather,  get  through  about  one  iron's  work  in  a 
day,  equivalent  to  10  tons  of  dry  peat.  This  will  still  retain  20  to 
30  per  cent,  water  only  separable  by  kiln  drying.  When  kiln  driei 
peat  possesses  about  half  the  calorific  value  of  coal. 

Though  attempts  have  been  repeatedlv  made  to  produce  coke  from 
peat,  no  real  success  seems  to  have  attended  them. 
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PETROLEUM,  NATUEAL  GAS,  AND  OZOKERIT. 

?(irolmm, — ^ICany  theories  have  been  advanced  as  to  the  origin  of 
petTolenm,  bnt  the  most  important  are  the  chemical  theory  adopted 
bj  serend  European  authorities,  and  the  organic  theory  favoured  in 
America.*  llie  chemical  theory  supposes  petroleum  to  have  been 
|i:enerated  by  the  downward  passage  of  surface  water  into  regions  of 
tlie  earth's  cmst  where  metallic  iron  in  combination  with  carbon 
exists  in  a  highly  heated  state ;  or  by  water  containing  carbonic  acid 
Iteiog  carried  down  to  strata  where  potassium  and  somum  occur  in  a 
laetallic  state.  American  geologists  and  chemists  agree  that  petroleum 
bs  resulted  from  the  decomposition  of  fossils  in  the  shales  and  lime- 
itQnes  of  the  Silurian,  Devonian,  and  Lower  Carboniferous  rocks,  chiefly 
the  remains  of  animals,  but  in  some  cases  also  the  remains  of  plants ; 
tbt  the  gas  and  petroleum  thus  formed  are  stored  in  porous  sand- 
(tones  and  limestones,  and  are  prevented  from  escaping  by  a  covering 
)f  impervious  shale. 

That  the  organic  theory  of  the  origin  of  pKBtroleum  best  explains 
^  facts  over  t£e  greater  part  of  Nor&  America,  is  beyond  question. 
ft  probably  also  serves  beet  for  most  areas.  But  the  inorganic  theory 
s  a  possible  one  for  some  regions. 

As  r^ards  the  future  supply  of  petroleum,  the  question  of  its 
Tigin  is  important.  If  it  has  resulted  from  the  decomposition  of 
lumal  or  vegetable  remains,  the  supply,  however  vast  and  seemingly 
nezhaastible  at  present,  must  needs  be  limited,  and  each  area  will  in 
ime  be  drained.  If,  however,  it  be  due  to  diemical  action  in  the 
Dterior  of  the  earth,  the  supply  may  be  practically  ioexhaustible  in 
he  dictricts  where  it  is  thus  formed.  The  ^eat  pressure  of  the  gas 
nd  petroleum  in  many  wells  has  been  held  to  afford  evidence  of  a 
^p-seated  origin;  but  this  pressure  necessarily  results  from  the 
nown  geological  structure  of  the  country  in  many  places. 

The  general  rule  in  Pennsylvania,!  New  York,  Ohio,  Indiana,  and 
Anada,  is  tliat  petroleum  and  gas  are  stored  in  porous  sandstones  or 
mestones,  where  the  rocks  have  been  gently  folded  into  anticlinal 
tdges;  or  where,  if  there  is  a  small  and  general  dip  of  the  strata,  l^e 
ip  is  for  a  space  interrupted,  forming  a  shelf  of  more  nearly  hori- 
aDtal  rock,  after  which  the  strata  resume  their  normal  gentle  dip. 
racing  out  the  underground  range  of  petroleum-bearing  beds  beyond 
^  areas  in  which  they  are  now  productive,  we  find  that  they  rise 
>wards  the  surface,  and  contain  water.     It  is  the  pressure  of  the 

*  B.  Redwood,  '  Petroleum  and  its  Produets,'  Cantor  Lecture,  Soo.  Arts,  1886. 
'.  TopleY,  •  Sonrces  of  Petroleum  and  Natural  Oas,'  Jl.  Soo.  Arta,  April  17, 1891. 

t  H.  H.  Chance,  *  Anticlinal  Theory  of  Natural  Gaa,'  Trans.  Amer.  Inst  Min. 
t^^:^  XT.  3 ;  C.  A.  Ashbumer,  *  Oeological  Distribution  of  Natural  Ghui  in  the 
QJted  States,'  Trans.  Amer.  Inst.  Min.  Engs^  xv.  505 ;  C.  A.  Ashbnroer,  *  Petroleum 
Ml  Hatoral  Qas  in  New  York  State,*  Trans.  Amer.  Inst  Min^  Engs.,  xtL 
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water  £r6m  the  oatcrop  and  the  higher  areas  of  the  porous  rock,  acta 
along  and  down  the  dip,  which  aooonnts  for  the  pressure  of  the  g 
and  petroleum  within  the  prudnctiYe  areas.  When  the  porons  b 
oontaining  gas  or  petrolenm  is  tapped  bj  a  borehole,  the  contents  a 
forced  np  by  the  pressure  of  the  water  from  the  outcrop,  and  tl 
pressure  depends  upon  the  relation  between  the  level  of  me  outer 
and  the  point  at  which  the  porous  bed  is  tapped. 

According  to  Prof.  McGhee,  eveiy  field  in  the  Eastern  States  u 
Canada  is  a  dome  or  inverted  trough  formed  by  ^flexure  of  the  rod 
strata ;  and  in  every  such  dome  or  inverted  trough  there  is  a  poio 
stratum  (sandstone  in  Pennsylvania,  and  coarse-grained  magnesL 
sandstone  in  Ohio  and  Indiana)  overlain  by  impervious  shalee.  The 
domes  or  arches  vary  in  dimensions,  from  a  few  square  miles  in  sex 
of  the  Pennsylvanian  areas,  to  2600  sq.  miles  in  the  great  Indiana  fie 
Within  each  gas-charged  dome  are  found  three  or  more  subetanc 
arranged  in  the  order  of  their  weight;  gas  at  the  top,  naphtha  (if 
exists  in  the  field)  and  petroleum  below,  and  finally  water,  which 
generally  salt,  and  sometimes  a  strong  and  peculiar  bittern.  Tl 
order  is  invariable  throughout  each  field,  whatever  its  area,  althon| 
in  Indiana,  at  least,  the  oils  are  found  most  abundantly  about  tJ 
springing  of  each  arch,  while  towards  its  crown  gas  immediate 
overlies  brine ;  and  the  absolute  altitude  of  the  summit-level  of  e« 
substance  is  generally  tmiform  whatever  the  depth  beneath  tl 
surface.  Since  the  volume  of  gas  or  oil  accumulated  in  any  fie 
evidently  depends  on  the  area  and  height  of  the  dome  in  which  it 
confined,  and  upon  the  porosity  and  thickness  of  rock  in  which  it 
contained,  the  productiveness  of  a  given  find  may  be  definite 
predicted  after  the  structure  and  texture  of  die  rocks  have  bei 
ascertained. 

In  all  productive  fields  the  gas  and  oil  are  confined  under  pressin 
When  a  eas  ^ell  is  dosed,  it  is  commonly  found  that  the  pressure  i 
the  well  head  gradually  increases,  through  a  period  varying  from 
few  seconds  in  the  largest  wells  to  several  minutes  or  even  hours  i 
wells  of  feeble  flow ;  and  that  afterwards  the  pressure-gauge  becoxa 
stationary.  This  is  the  *'  confined  pressure,''  **  dosed  pressure,"  < 
"  rock  pressure  **  of  the  prospector ;  or,  more  properly,  the  "  static  pre 
sure."  When  a  well  is  open,  and  the  gas  escapes  fredy  into  the  ai 
it  is  found  that  if  the  stem  of  a  mercurial  or  steam  gauge  is  introduce 
a  certain  constant  pressure  is  indicated.  This  is  the  '*  open  pressure 
or  '*  flow  pressure  of  the  gas  expert,  and  the  capacity  of  the  well  mi 
be  determined  from  it.  ■  The  static  pressure  varies  in  different  fidd 
In  Indiana  it  ranges  from  300  to  350  lb.  per  sq.  in.,  in  the  Findh 
field  it  is  450  to  500  lb.,  and  in  the  Pennsylvania  fidd  it  varies  froe 
500  to  900  lb. 

The  cause  of  this  enormous  pressure  is  readily  seen  in  Indian 
The  Cincinnati  Arch  (in  which  the  gas  of  the  great  Indiana  fidd 
accumulated)  is  substantially  a  dome,  about  50  miles  across,  rising  i 
the  centre  oi  a  stratigraphic  basin  fiilly  500  miles  in  average  diamete 
Throughout  this  immense  basin  the  Ivaters  falling  on  the  surfiace  ai 
in  part  absorbed  into  the  rocks,  and  conveyed  towards  its  centr 
where  a  strong  artesian  flow  of  water  would  prevail  were  the  difli^ 


Digitized  by 


Google 


NON METALLIFEROUS  MINERALS.  275 

enoe  m  altitude  greater ;  and  the  light  hydrocarbons  floating  npon 
the  snr&oe  of  this  ground  water,  are  driven  into  the  dome,  and  there 
nibjected  to  hydrostatic  pressure,  equal  to  the  weight  of  a  column  of 
water  whose  height  is  the  difference  in  altitude  between  the  water 
rorfaoe  within  the  dome  and  the  land  surface  of  the  catchment  area 
ibout  the  rim  of  the  enclosing  basin.  Accordingly,  the  static  pressure 
is  independent  of  the  absolute  altitude  of  the  gas  rock  and  of  its  depth 
beneath  the  8urfiEu>e,  except  in  so  far  as  these  are  involved  in  the 
relative  altitudes  of  the  gas  rock  and  a  catchment  area  perhaps  scores 
[Fr  even  hundreds  of  miles  distant.  Gas  pressure  and  oil  pressure 
may,  therefore,  be  estimated  in  any  given  case  as  readily  and  reliably 
IS  artesian  water  pressure ;  but  while  the  water  pressure  is  measured 
ipproximatelv  by  the  difference  in  altitude  between  the  catchment 
nea  and  well  head,  that  of  gas  is  measured  approximately  by  the 
lifference  in  altitude  between  catchment  area  and  gas  rock,  and  that 
)f  oil  is  measured  by  the  same  difference,  mtntM  the  weight  of  a  column 
)f  oil  equal  to  the  depth  of  the  well.  It  follows  that  the  static  pres- 
mre  of  gas  (as  indicated  at  the  surface)  is  always  greater  than  that 
»f  oil,  particularly  in  deep  wells.  It  follows  also  that  the  pressure, 
rhether  of  gas  or  oil,  is  not  only  constant  throughout  each  field, 
mt  diminishes  but  slightly,  if  at  all,  on  the  tapping  of  the  reservoir, 
mtil  the  supply  is  exhausted  :  and*  hence  that  pressure  is  no  indica- 
ion  of  either  abundance  or  permanence  of  supply. 

There  is  no  uniformity  in  the  geolo^cal  ages  of  the  strata  which 
rield  petroleum.  Even  in  North  America  the  age  ranges  from  Lower 
Klurian  to  Tertiaiy :  both  gas  and  oil  also  occur  in  the  drifts.  Rocks 
f  Secondary  age,  however,  with  the  exception  of  the  Cretaceous,  are 
lot  oil-bearing  in  North  America.  In  Europe,  only  small  quantities 
ccur  in  Pabeozoio  rocks.  In  Hanover  it  ranges  from  Trias  to  Cre- 
i-oeoos.  In  Eastern  Europe  it  is  mainly  Tertiary,  and  wholly  so  in 
be  Caucasus. 

In  other  parts  of  the  world  the  petroleum-bearing  beds  are,  so  far 
B  is  known,  rarely  of  older  date  tnan  Upper  Secondary.  Volcanic 
Kks  occasionally  contain  petroleum,  but  there  is  good  reason  to 
elieve  that  these  cases  are  generally  the  result  of  impregnations 
kto  porous  reservoirs  of  volcanic  rocks  from  neighbouring  sedimen- 
iry  strata. 

Ingeological  position,  the  gas  and  oil-bearing  rocks  of  Pennsylvania, 
ew  York,  Ohio,  and  Indiana  range  from  Lower  Silurian  (Trenton 
mestone)  to  Lower  Carboniferous.  Until  the  great  stores  of  the 
renton  limestone  were  discovered,  the  Devonian  and  Lower  Carboni- 
szxKis  strata  were  the  most  important  sources.  The  oil-sands  of 
enango  Co.,  Pennsylvania,  are  often  in  lenticular  beds,  the  longer 
ces  of  the  beds  ranging  from  north-east  to  south-west.  In  thickness 
ley  range  frt>m  a  thin  band  up  to  100  ft.  Their  width  may  be  only 
-2  miles,  their  length  sometimes  20  miles.  Some  of  the  strata  die^ 
it  before  reaching  the  outcrop,  and  consequently  are  known  only 
y  borings.  When  two  or  more  such  beds  occur  in  vertical  succession, 
ke  lowest  usually  contains  most  oil  or  gas.  The  lenticular  nature 
f  the  sand  may  explain  how  in  some  cases  neighbouring  wells  affect 
v€^  Other,   whilst  elsewhere  they  may  not  do  so.     Beneath   the 
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Venango  group,  other  gas  or  oil-bearing  sands  were  subsequentlj 
disoovered,  the  most  important  of  whicn  are  the  Warren  sands 
Warren  Ca,  and  the  Bradford  sands  of  MoEean  Co.     The  Berea 
is  the  most  important  source  of  oil  in  Eastern  Ohio. 

In  all  cases  these  productive  sands  are  underlain  and  overlain  \ 
shales.    The  underlying  shale  is  the  source  of  the  petroleum  and  gai 
the  sand  is  the  porous  reservoir  in  which  they  are  stored  ;  the  ove: 
lying  shale  is  an  impervious  cover  which  retains  them  in  the  reservd 
When  gas  and  oil  are  found  stored  in  limestone,  they  may  sometimi 
have  been  produced  in  the  limestone  itself,  but  the  impervious  coTt 
of  shale  is  still  required  to  retain  them.    The  Trenton  limestone, 
chief  source  of  gas  and  oil  in  Indiana,  and  an  important  source  no^ 
in  Western  Ohio,  is  the  upper  member  of  a  series  of  limestones  whii 
have  been  proved  to  a  depth  of  1800  ft     The  true  Trenton  *' 
itself  is  several  hundred  feet  thick.    All  this  thickness  of  limestoi 
may  have  produced  the  hydrocarbons,  although  they  are  stored 
in  the  upper  part  of  the  Trenton,    But  not  always  so ;  it  is  oi 
when  the  Trenton  limestone  occurs  in  the  cavernous  condition  that 
is  highly  productive ;  this  condition  is  due  to  some  of  the  lime  havin 
been  removed,  its  place  being  taken  by  magnesia. 

The  storage  capacity  of  the  porous  sandstone  and  limestone  i 
very  great,  and  sufficiently  accounts  for  the  great  yield  of  the  welL 
The  Waterlime  bed,  500  ft.  thick,  and  with  a  capacity  of  only  0* 
per  cent.,  would  contain  2,500,000  barrels  of  oil  per  square  mile ;  10 
sq.  miles  of  such  rock  would  yield  the  entire  production  of  New  Tor 
and  Pennsylvania  up  to  January  1883.  But  the  capacity  for  stora^ 
is  offcen  much  more  than  the  figures  taken  here.  Carll  has  show 
that  some  rocks  can  contain  from  iV  ^  i  ^^  their  bulk  in  oiL 

Referring  to  the  natural  gas  wells  of  Indiana,  S.  S.  Gorby  * 
mates  that  approximately  30,000  cub.  ft.  of  gas  are  equii^ent 
1  ton  of  coal  as  fuel.    He  declares  that  the  period  of  exhaustion 
the  wells  has  been  entered  upon.    The  initial  pressure  of  new  w^ 
is  now  less  than  300  lb.,  whereas  it  used  to  be  325  lb.,  and  the  ~ 
daries  of  the  field  are  being  rapidly  drawn  in.    He  estimates 
probably  10  to  15  years  will  witness  the  termination  of  the  gas  fu^ 
supply  on  anything  like  the  present  scale. 

There  are  some  peculiarities  which  render  Kentucky  interesting 
instructive,  as  a  source  of  gas.    Elsewhere  the  incursion  of  salt  wai 
into  a  gas  well  is  the  sure  precursor  of  £Bdlure,  showing  that 
reservoir  is  becoming  exhausted ;  but  here  salt  water  and  high-pi 
sure  gas  occur  together.    Some  of  the  wells  here,  also,  have  L 
lives:  one,  at  Moreman,  has  been  producing  gas  and  brine  since  I 
Salt  has  been  manufactured  here  &om  the  brine  since  1872 

In  California,  petroleum  occurs  mainly  in'^sandstone  of  T^tiai 
age.  The  beds  are  generally  inclined  from  30°  to  85°,  the  edges  oti 
cropping.  High-pressure  wells  are  consequently  rare,  the  ou  beioJ 
obtained  by  pumping ;  and  the  cost  of  wells  is  stated  to  be  aboa 
three  times  what  it  is  in  Pennsylvania,  partly  on  account  of  the  stee 
inclination  of  the  beds. 

*  Eng.  and  Min.  JL 
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Altboagh  petroleum  occnrs  all  along  both  flanks  of  the  CauoasuB,* 
iften  in  considerable  quantity,  the  Apscheron  Peninsula,  on  the 
irestem  margin  of  which  Baku  is  situated,  surpasses  all  others  in  value. 
rbe  most  productive  wells  lie  within  a  small  area  north-east  of  Baku, 
a  the  Balakhany-Saboontchi  district,  over  the  crown  of  a  low  anti* 
diiuJ,  which  is  probably  the  easterly  continuation  of  the  great  Cau- 
!asns  anticlinal.  Another,  and  increasingly  important  prodactive 
irea,  is  on  the  shores  of  the  Oaspian,  at  Bibi-Eibat,  south  of  Baku, 
md  about  10  miles  from  Balakhany. 

The  surface  is  occupied  by  loose  sand,  the  rocks  below  being  of 
ite  Tertiary  date;  beneath  these  probably  lie  the  Cretaceous  and 
FniasBic  strata,  which  form  the  main  mass  of  the  Caucasus,  but  it  is 
ioabtful  if  any  borings  have  touched  these  rocks.  The  oil  lies  in 
woiis  layers  of  sand,  separated  by  clay,  &c.  This  sand  is  often 
rery  loose,  and  comes  up  in  great  quantities,  where  oil  of  high  pres- 
ure  is  first  tapped.  Enormous  loss  of  oil  often  occurs  when  a  high* 
trpssnre  well  is  first  driven.  The  Mining  Company's  well  in  August 
B87,  struck  oil  at  a  depth  of  790  ft.,  which  flowed  the  full  size  of  a 
2-in.  pipe  for  69  days,  200  ft.  above  the  derrick.  The  lowest  esti- 
mate for  this  well  for  the  69  days  was  3,000,000  barrels,  of  which  at 
fiast  half  were  lost.  More  sand  than  usual  came  out  of  this  well ;  an 
rea  of  about  10  acres  around  the  well  was  covered  with  sand  from 
to  15  ft.  thick.  80  much  sand  has  been  carried  out  by  the  wells 
liat  the  surface  of  the  ground  sinks,  and  buildings  are  thrown  out  of 
lie  perpendicular.  Many  highly  productive  fountains  suddenly 
ease ;  the  cause  is  said  to  be  a  collapse  of  the  pipe  at  the  bottom  of 
lie  welL 

The  depth  of  the  wells  in  the  Baku  area  is  gradually  increasing : 
1 1B82  the  average  depth  was  350  ft. ;  in  1886  it  was  500  ft.  Many 
re  now  over  700  fL,  and  at  least  one  is  over  1000  ft 

Wells  sometimes  continue  to  produce  for  years,  especially  when,  as 
I  Nobel's  works,  they  are  seded  down  when  not  required.  The 
Bq)er  wells  as  a  rule  produce  the  larger  quantity  and,  sometimes,  a 
Btter  quality  of  oil,  of  lower  specific  gravity. 

There  is  difference  of  opinion  as  to  whether  wells  affect  the  pro- 
action  of  others  in  their  neighbourhood.  As  there  are  several  layers 
r  oil-bearing  sand,  adjacent  wells  may  frequently  draw  their  supplies 
om 'different  beds. 

The  most  important  area  of  the  Caucasus,  after  Baku,  in  some 
wpects,  is  that  of  Eouban.  This  lies  at  the  north-western  end  of 
le  range.  The  wells  here  are  usually  of  smaller  depth,  and  are  less 
roductive  than  at  Baku,  although  one  well — as  far  back  as  1879 — is 
dd  to  have  been  bored  to  a  depth  of  1020  ft.  Here,  as  at  Baku,  the 
aaviest  oil  sometimes  comes  from  the  higher  beds. 

The  third  productive  area  is  near  ^ertch,  in  the  Crimea.  The 
«lls  here  are  not  deep,  and,  compared  with  the  two  other  districts, 
1ft  not  highly  productive. 

In  Boumania,  petroleum  lies  in  clays  and  sandstones  of  the  '*  Palu- 
rne  beds"  ^Miocene).  The  oil  occurs  in  four  horizons,  the  lowest 
idng  the  richest.  Argillaceous  beds,  with  thick  (over  650  ft.) 
*  6.  Bedwood,  'BaaBian  Petroleun  InduBtry,'  JL  Soo.  Ghem.  Ind.,  Feb.  18S5. 
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deposits  of  salt,  ooour  tinder  the  Paludine  beds.  Formerly  the  petro- 
leum was  extracted  by  shafts  more  than  600  ft.  deep ;  abont  400  snch 
shafts  haTe  been  sank  in  the  neighbourhood  of  Sarata.  When  drilling 
was  introduced,  the  beds  were  pierced  to  a  depth  of  1300  ft 

Petroleum  and  salt  are  worked  in  Bukowina. 

In  Galicia  petroleum  occurs  in  the  Lower  Eocene  beds— sometimes, 
perhape^  in  the  Upper  Oretaceous.  The  strata  are  for  the  moist  p^rt 
highly  inclined,  generally  dipping  away  to  the  north  from  the  Car- 
pathian highlands,  but  the  beds  are  often  contorted.  Borings  now 
go  down  over  1000  ft.;  oil,  sometimes  with  much  gas,  is  chiefly 
found  in  beds  of  sandstone. 

In  North-Eastem  Hungary,  along  the  southern  flanks  of  the 
Northern  Carpathians,  petrcSeum  occurs  in  Neocomian,  Middle  Eocene, 
Upper  Oligocene,  and  in  more  recent  stratlk.  To  the  south-east  of 
Nagy-banya,  in  the  Szatmar  country,  petroleum  is  found  in  a  doloDiitic 
limestone,  underlying  micanschist.  In  tiie  Nagy-Banva  basin,  and 
also  in  the  Matra  range,  it  occurs  impregnating  trachytic  tofBi  of 
Miocene  age. 

At  Oelbeim,  on  the  east  of  Hanover,  the  oil  is  stored  in  the  Gank 
There  seems,  also,  to  be  some  in  the  Wealden  beds,  and  in  the  Upp^ 
Jurassic  strata.  To  the  west  are  Triassic  beds ;  but  these  seem  to  be 
mostly  barren  of  oil,  although  Piedbceuf  believes  that  the  fosuliferom 
Middle  Trias  {JAmchflikaUc)  is  the  true  source  of  the  petroleum,  whioh 
has  been  stored  in  the  overlying  beds. 

Before  describing  modem  machinery  for  petroleum  weU-sinking 
it  will  be  interesting  to  study  local  and  rudimentary  methods. 

.  In  Japan  the  excavating  is  done  by  two  men,  one  of  whom 
in  the  morning  from  9  o'clock  until  12,  and  the  other  from  12  until 
The  one  who  is  not  digging  works  a  large  blowing  machine  that  sen 
fresh  air  to  the  bottom  of  the  welL    The  blowing  apparatus  is 
wooden  box  about  6  ft.  long  by  8  ft.  wide  and  2  ft  deep,  with  a  boa 
of  the  same  length  and  width,  turning  in  it  upon  a  horizontal  axis 
the  middle  of  each  side  of  the  box,  and  with  a  vertical  division  b^ 
the  board  between  the  two  ends  of  the  box.     The  workman  stan^ 
upon  the  board,  and  walks  from  one  end  of  it  to  the  other,  altera 
nately  depressing  the  ends.     At  his  first  step  on  each  end  he  give6 1 
smart  blow  with  his  foot,  so  as  to  close  with  a  jerk  a  small  v&lv^ 
beneath  the  end  of  the  board,  the  valve  opening  by  its  own  weighl 
when  the  end  of  the  board  rises.    The  air  is  therefore  driven  to 
from  one  end  of  the  box,  then  from  the  other,  into  an  air-pipe  abotf 
*8  ft.  square,  provided  at  the  top  with  a  small  valve  for  eacl 
end  of  the  blowing-box.     The  air-pipe  is  made  of  boards  in  length 
of  about  6  ft.,  and  is  placed  in  one  corner  of  the  welL     The  ^'ei 
is,  besides,  timbered  with  larger  pieces  at  the  comers,  and  ligtt 
cross  pieces,  which  serve  also  as  a  ladder  for  going  up  and  down 
though  at  such  a  time,  in  addition,  a  rope  is  tied  round   the  bodj 
under  the  arms,  and  held  by  several  men  above  the  month  of  tb 
well.    The  earth  or  rock  excavated  is  brought  out  of  the  well  i] 
rope  nets,  by  means  of  a  rope  that  passes  over  a  wheel  I  ft.  diaiu 
hung  just  under  the  roof  of  a  hut  which  covers  the  mouth  of  tft 
well.    The  rope  nets  are   drawn  up  by   three  men,  one  at   eaJ 
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mer  of  one  side  of  the  well,  and  the  third  in  a  hole  2  or  3  ft  deep, 
d  1|  ft.  wide,  dug  along  the  side  of  the  well.  The  wells  aie  about 
ft  aqnare,  and  are  dug  in  the  manner  described  to  the  remarkable 
pth  of  600  to  900  ft  At  this  depth  there  is  great  difficulty  in 
soring  sufficient  light  to  carry  on  the  work,  and  it  is  frequently 
oaasarY  for  this  reason  to  suspend  work  at  8  o'clock.  The  oil  is 
immed  from  the  surface  of  the  water,  and  drawn  up  in  buckets. 

Lyman  is  of  opinion  that  it  would  be  the  reyerse  of  advantageous 
introduoe  the  system  of  drilling  with  steam  power  in  Japan, 
account  of  the  cost  of  the  necessary  machinery,  tne  heavy  expense 
fuel  in  the  locality,  and  the  difficulty  of  transporting  machinery  in 
WQDtry  almost  wholly  without  wagon  roads.  The  cost  of  a  well  in 
litigo,  900  ft  deep,  is  stated  to  have  been  <»)ly  200Z.,  which  is  little 
ore  than  a  third  of  the  expense  of  drilling  to  that  depth  in  England  or 
oerica.  Moreover,  a  dug  well  can  be  entered  for  cleaning  or  ro- 
iling, while  a  drilled  well  obvionsly  cannot;  besides  which,  the 
rmer  description  of  well  necessarily  exposes  a  larger  surface  for  the 
i  to  peroolate  through,  and  is  also  frequently  furnished  with  hori- 
Dtal  galleries  extending  from  the  bottom,  wMch  largely  add  to  the 
tent  of  sur&oe  of  oil-rook  exposed.  However,  some  improvements 
ight  advantageously  be  introduced  into  the  system.  Thus  the  only 
j^t  obtained  is  that  which  is  reflected  from  a  piece  of  yellowish 
mslucent  oil-paper,  about  5  ft.  loDg  by  8)  ft  wide,  suspended  over 
le  well  at  an  angle  of  45^  with  the  horizon,  across  an  opening 
I  the  roof  of  the  grass  hut  that  covers  the  well ;  and  it  would 
t  easy  to  substitute  for  this  primitive  reflector  a  common  mirror. 
!  small  mirror  oould  also  be  used  at  the  bottom  of  the  well 
I  reflect  light  into  the  galleries,  which  at  present  are  so  dark  that 
07  cannot  be  excavated  to  a  greater  length  than  about  12  ft  A 
ime  cannot  be  used  in  the  well  as  a  source  of  light  on  account  of  the 
iBtence  of  inflammable  gas,  but  the  incandescent  electric  light,  if 
It  too  costly,  might  be  employed,  and  the  working  hours  thus  ex- 
nded.  A  better  system  of  ventilation  might  also  be  adopted ;  and 
te  use  of  pumps  for  raising  the  water  and  oil,  as  well  as  of  a  water- 
g:ht  well-casing,  which  might  be  made  of  timber,  to  prevent  the  in- 
IX  of  water,  would  also  f^ilitate  the  collection  of  the  petroleum, 
ke  small  yi^d  of  the  wells,  however,  would  preclude  the  employ- 
ent  of  any  expensive  appliances,  the  total  yield  of  the  wells  in  the 
i-fields  of  Echigo  and  Shinano  being  only  11,000  to  12,000  barrels 
ir  annum. 

In  Burma*  the  wells  cure  dug  in  the. most  primitive  manner,  a 
Btive  spade  for  loosening  the  soil,  and  a  basket  for  removing  it 
MQ  the  weU,  being  the  only  implements  used.  The  wells  are 
boot  60  ft.  deep  and  5  ft.  square,  and  are  planked  with  split  timber. 
We  are  generally  3  or  4  men  employed  in  the  work  of  digging, 
ich  (me  taking  his  ium,  and,  while  working  in  the  well,  having  a 
vpe  fastened  round  him.  Sometimes  there  is  so  much  gas  present 
ut  the  digger  cannot  remain  in  the  well  more  than  a  couple 
f  ininutes,  and  occasionally  a  man  is  drawn  up  quite  insensible, 
lie  usual  time  of  remaining  down  is  about  20  minutes,  and  the 
*  J.  Boll,  ^Eoonomio  Geology  of  India/  p.  124. 
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digger  jerks  the  rope  when  he  wishes  to  be  drawn  np.  The  oil  i^ 
raised  in  a  bucket  attached  to  one  end  of  a  rope  running  over  a  wheel 
fixed  above  the  month  of  the  well.  The  other  end  of  the  rope  is 
fiststened  to  the  waist  of  a  man  or  woman,  who  generally  has  two  oi 
more  boys  or  girls  to  assist  in  pulling.  As  soon  as  the  bucket  fills 
these  persons  run  down  a  beaten  path,  and  the  bucket  is  thus  drawi 
to  the  mouth  of  the  weU,  when  it  is  emptied  by  another  person. 

In  Wallaohia  and  (3alioia  dug  wells  exist,  and  in  Moldavia  an 
dug  wells  more  than  130  ft.  deep,  lined  with  woven  sticks. 

Most  perfectly  constructed  dug  wells  exist  in  Italy,  at  Montechino 
Piaoenza ;  they  are  perfectly  cylindrical  in  form,  and  lined  with  larg* 
bricks  firmly  cemented  together.  Some  of  these  wells  are  240  ft 
deep  and  8  to  10  ft.  diam.  They  yield  160  to  180  lb.  of  oil  each  pei 
day.  The  oil,  which  is  drawn  up  in  buckets,  is  of  very  remarkabk 
character,  being  so  pure  that  it  can  be  burned  in  its  crude  state  ii 
suitable  lamps,  though  in  consequence  of  the  presence  of  a  largi 
quantity  of  tne  more  volatile  hydrocarbons  it  is  very  inflammable,  «i 
once  taking  fire  upon  the  application  of  a  flame.  These  wells  cann<7 
be  dug  deeper  in  consequence  of  the  presence  of  petroleum  gas  am 
vapour,  several  lives  having  been  lost  m  attempts  to  deepen  them. 

The  first  operation  in  the  sinking  of  a  petroleum  well  in  Ameria 
is  the  erection  of  what  is  termed  a  "derrick,"  a  timber  structun 
(Fig.  89),  pyramidal  in  form,  and  consisting,  in  the  main,  of  4  upright? 
held  in  position  by  the  necessary  ties  and  diagonal  braces.  At  th 
present  time  the  derrick  is  usually  about  70  ft.  high,  20  fu  squaie  a 
the  base,  and  costs  about  lOOZ. 

The  height  of  the  derrick  has  necessarily  been  increased  paripau 
with  the  depth  of  the  wells  and  length  of  the  tools,  but  where  ^ 
wells  are  shallow,  derricks  not  more  than  30  ft.  high  are  still  m 
ployed.  The  lower  part  is  usually  boarded  up  when  drilling  is  beii( 
done  in  winter,  in  order  to  protect  the  workmen.  Immediatdy  (m( 
side  the  derrick  stands  the  "samjpson  post"  a,  a  massive  pillar « 
wood  which  supports  the  "  walking-beam "  6.  Inside  the  derrid 
stands  a  smaller  upright  termed  the  "  headache  post "  or  *'  life  ^ 
server  "  c,  desimed,  as  its  name  implies,  to  save  the  driller  from  boiij 
struck  on  the  head  by  the  end  of  the  walking-beam  in  the  event  i 
the  connection  breaking.  The  end  of  the  wa&ing-beam  outside  til 
derrick  is  connected  by  means  of  a  rod  termed  the  "  pitman  "  #i,  ^ 
a  crank  attached  to  the  axle  of  what  is  known  as  the  "  band-wheel*! 
This  band-wheel  runs  in  bearings  on  a  couple  of  uprights /i  and 
caused  to  revolve  through  the  medium  of  a  band  g  driven  bjj 
steam-engine  A  in  an  adjoining  shed,  a  rocking  movement  being  Ud 
imparted  to  the  walking-beam.  The  steam-engine  is  now  usualljl 
12  to  15  h.p.,  and  steam  is  generated  in  a  boiler  of  the  loocxnotr 
type,  fired  with  natural  gas.  To  the  opposite  side  of  the  deni 
are  fixed  the  bearings  of  the  '*  bull- wheel "  t,  a  windlass  of  i 
construction,  used  for  lowering  and  raising  the  drilling  took, 
supporting  cable  passing  over  a  grooved  wheel,  termed  the  **ct 
pulley  "  ib,  at  the  top  of  the  derrick,  and  being  coiled  on  the  drnffiJ 
axle  of  the  bull-wheel.  Between  the  band-wheel  and  the  bnll-v^ 
the  "  bull-rope,"  made  of  2-in.  plain-laid  cable,  joined  by  iron  cou|^ 
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MM8.    This  rope  runs  in  a  groove  in  both  wheels,  and  imparts 
Botion  to  the  windlass.    The  latter  is  provided  with  a  powerful 
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brake.  A  seocmd  windlass,  termed  a  ^sand-reel,"  is  also  profrided. 
This  smaller  windlass,  which  is  used  for  raising  the  detntos  frum 
the  welU  is  fixed  near  the  band- wheel,  and  can  be  bron^ht  into 
contact  with  the  face  of  the  band-reel,  by  pulling  a  lever  inside  th^ 
derrick,  and  the  driller  can  thns  from  the  mouth  of  the  well  start  or 
stop  the  revolutions  of  the  sand-reel.  An  endless  cord,  termed  **  the 
telegraph,"  passes  round  a  pulley  on  the  throttle-valve  of  the  engine 
steam-pipe  and  a  similar  pulley  in  the  derrick,  so  that  the  driller  csnj 
also  start  or  stop  the  engine.  The  reversing  link  is  also  operated  \>j 
a  cord  from  the  derrick.  The  bull-wheel  being,  as  explained,  drivea 
through  the  medium  of  the  band-wheel,  it  is  necessary  to  disconneot 
the  pitman  when  the  bull-wheel  is  used,  and  to  throw  the  rope  off 
the  bull-wheel  when  the  walking-beam  is  to  be  set  in  motion.  Thfl 
cable  used  to  support  the  drilling  tools  is  a  6-in.  (2  in.  diam.)  untarred 
Manilla  rope.  Wire  rope  is  not  used,  as  it  is  not  sufficiently  pliaUe 
to  admit  of  its  being  coiled  on  the  shaft  of  the  bull-wheel. 
The  lengths  and  weights  of  a  string  of  tools  are : — 

Leogth.  WH^it. 

ft.  In.                n». 

Bope  socket 8  0              90 

Sinker  bar     12  0  400 

Jars 6  0  300 

Aagerstem 32  0  1050 

Bit 3  4             140 

56    4  1960 

In  addition,  the  following  are  required  to  complete  the  8et:-H 
Temper-screw,  large  jars,  large  bits,  reamers,  and  two  wreni^es. 

The  tools  are  made  of  the  best  steel  and  Norway  iron.  The  cost 
of  the  complete  set  of  drilling  tools  is  about  200Z.  A  *'  saud-pump," 
or  bailer,  to  remove  the  detritus  from  the  well,  often  cjnsiBts  simply 
of  a  plain  cylinder  of  thin  galvanised  iron,  usually  about  6  ft.  long, 
but  sometimes  as  long  as  15  or  20  ft.,  provided  at  the  bottom  with  a 
valve  opening  inwards.  The  valve  is  provided  with  a  stem  projeciin|| 
downwards,  so  that,  when  the  filled  cylinder  is  lowered  into  a  trough^ 
the  valve  is  pushed  open,  and  the  contents  of  the  cylinder  are  dis- 
charged. A  better  sort  of  sand-pump  consists  of  a  wronght-iron 
cylinder,  having,  in  addition  to  the  bottom  valve,  a  plunger  attadied 
to  an  iron  rod  passing  through  a  stirrup  spanning  the  top  of  th« 
cylinder.  The  sand-pump  is,  in  the  latter  form,  suspended  froiE 
the  end  of  the  plunger-rod,  and  when  it  reaches  the  bottom  of  the 
well,  the  slackening  of  the  rope  allows  the  plunger  to  descend  ic 
the  bottom  of  the  cylinder;  on  tightening  the  cord,  the  plunger  u 
first  raised,  and  the  entrance  of  the  detritus  into  the  cylinder  is  faoili 
tated;  when  the  plunger  has  reached  the. stirrup,  the  cylinder  itseli 
begins  to  rise,  and  the  valve  closes.  The  rope  attached  to  the  sand- 
pump  passes  over  a  small  pulley  at  the  top  of  the  derrick,  to  the  sand 
reel  already  described.  Besides  the  drilling  tools  referred  to,  a  large 
number  of  so-called  "fishing  tools"  are  employed,  when,  through 
breakage  of  the  cable  or  otherwise,  the  tools,  or  any  of  them,  remaii] 
in  the  well. 

The  first  step  in  the  drilling  of  a  well  is  to  sink  a  "  condactor  * 
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dirongh  the  snr&oe  gronnd  to  the  '*  bed-rook."  When  the  superficial 
clmjs  and  gravelB  are  not  more  than  10  to  15  ft.  thiok,  a  oommon 
well-fihaft,  8  to  10  ft.  square,  is  dug  to  the  surface  of  the  rock.  A 
wooden  conductor,  8  in.  square  in  the  clear,  is  then  set  up  perpen- 
dicularly between  the  rook  and  the  boarded  floor  of  the  derrick,  the 
junction  between  the  rock  and  the  conductor  being  so  made  as  to 
keep  out  gravel  and  mud.  When  the  depth  of  surface  ground  is 
too  great  to  admit  of  digging  down  to  the  rock,  iron  piping,  termed 
"  driving-pipe,"  is  driven  in  by  means  of  a  "  mall,"  working  in  guides, 
as  in  pile-driving.  V\  hen  200-300  ft.  have  to  be  thus  dbriven,  as  is 
sometimes  the  case,  a  good  deal  of  skill  is  required.  When  the  con- 
ductor is  sunk  to  the  bed-rock,  the  operation  of  drilling  is  commenced. 
The  composition  of  the  string  of  tools  has  already  been  stated.  The 
jars  practioJly  divide  the  string  into  two  parts,  the  one  dulivering 
its  luow  downwards  and  the  other  upwards.  The  auger  or  drill 
which  cuts  and  pulverises  the  rock,  consists  of  the  bit,  the  auger-stem, 
ind  the  lower  link  of  the  jars,  while  the  function  of  the  sinker-bar 
ind  upper  link  of  the  jars  is  to  deliver  a  blow  on  the  upward  stroke, 
H>  that  the  "  jar  "  may  loosen  the  drill  in  case  it  should  have  become 
[unmed  in  the  rock.  This  appliance,  which  is  of  the  greatest  value, 
nay  be  likened  to  two  flat  links  of  a  chain,  the  cross-head  of  the  upper 
me  passing  through  the  slot  of  the  lower.  The  length  of  the  slots 
B  such  that  there  is  a  play  of  9  in.,  though  a  longer  play  has  some- 
imes  been  given.  A  skilful  driller  never  aUows  the  jars  to  strike 
ogether  on  the  downward  stroke.  The  various  members  of  the  string 
f  tools  are  connected  together  by  male  and  female  screws.  The 
'  temper  screw,"  inserted  between  the  walking-beam  and  the  cable, 
dmit8  of  letting  out  the  latter  gradually,  as  the  drill  enters  the  rock, 
rhe  '*  ropo-socket "  firmly  grasps  the  cable  at  the  required  point,  and 
nom  it  the  tools  are  suspended  to  the  end  of  the  walking-beam. 

If  the  bed-rock  is  reached  at  a  less  distance  than  about  60  ft. 
xsyxa,  Borface,  the  drilling  of  the  rock  is  commenced  by  the  operation 
irmed  ^  spudding,"  which  cunsists  in  alteniately  raising  and  drop- 
mg  the  tools  by  tightening  and  then  slackening  the  cable,  which 
>r  this  purpose  is  simply  coiled  2  or  3  times  round  the  revolving 
all-wheeL  A  sufficient  depth  having  been  reached  to  admit  of  the 
^gular  use  of  the  drilling  tools,  the  cable  is  properly  coiled  on  the 
fldl-wheel  shaft,  the  bull-rope  is  thrown  off,  the  pitman  is  connected, 
[id  the  string  of  tools  is  lowered  into  the  well  by  releasing  the 
lU-wheel  brake,  and  suspended  from  the  walking-beam.  The  tools 
Lving  run  to  the  bottom  of  the  well,  and  the  jars  having  closed  by 
te  Blackening  of  the  cable,  the  slack  is  taken  up  by  turning  the  bull- 
heel  bj  hand  until  the  cross-heads  of  the  jars  come  together,  this 
»ing  plainly  indicated  by  a  tremulous  motion  imparted  to  the  cable, 
bout  4  in.  of  cable  being  then  paid  out,  the  tools  are  in  the  right 
flition^  and  the  walking-beam  is  started.  If  the  vertical  motion  be 
\  in.,  the  sinker-bar  first  moves  4  in.  on  the  up-stroke ;  the  cross-heads 

the  jars  then  come  together  with  a  sharp  blow,  and  the  auger-stem 
lifted  20  in.  On  the  down-stroke  the  auger-stem  falls  20  in.  and 
'livers  its  blow  on  the  rock,  while  the  sinker-bar  goes  down  24  in. 

teksoope  the  jars.    An  unskilled  workman  sometimes  closes  the 
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jars  (especially  if  the  well  be  deep  and  nearljr  full  of  water),  and 
works  for  hours  without  aocomplisning  anything,  as  the  tools  may 
be  resting  on  the  bottom  or  remaining  suspended ;  but  an  expert  can 
tell,  by  placing  his  hand  on  the  cable,  whether  the  drill  is  working 
properly  or  not.  Before  the  well  reaches  a  great  depth,  the  move- 
ment of  the  tools  can  be  distinctly  recognised  by  grasping  the  cable. 
As  the  jar  grows  feeble,  it  is  "  tempered  "  to  the  proper  strength  by 
slightly  altering  the  position  of  the  temper-screw,  and  thus  letting 
out  a  Httle  more  cable.  The  best  drillers  now,  however,  often  drill 
by  the  spring  of  the  cable,  only  using  the  jars  when  the  bit  sticks. 

Under  these  circumstances,  the  tools  are  suspended  so  that  the 
bottom  of  the  bit  is  from  5  in.  to  3  ft.  from  the  bottom  of  the  hole,  the 
distance  depending  on  the  length  and  consequent  spring  of  the  cable. 
The  walking-beam  being  set  in  motion,  the  tools  rise  and  feJl,  and 
the  elasticity  of  the  cable  allows  them  to  touch  the  bottom  and  boond 
from  it.  This  operation  is  termed  "  bouncing  the  drill,"  and  the  rock 
is  thus  cut  faster  than  by  the  old  method.  As  the  drilling  proceeds, 
the  driller  slowly  rotates  the  temper-screw  so  as  to  cause  the  ohisd 
end  of  the  bit  to  do  its  work  evenly.  When  the  whole  length  of  the 
temper-screw  has  been  unscrewed,  or  the  bit  requires  sharpening, 
the  buU-rope  is  placed  on  the  bull-wheel,  and  the  string  of  tools  is 
drawn  up.  The  sand-pump  is  then  lowered  into  the  well,  some  water 
being  first  thrown  down  if  necessary,  and  the  pulverised  rock  is  thus 
removed.  Drilling  and  sand  pumping  thus  proceed  alternately  day 
and  night,  unless  a  breakdown  occurs,  one  driller  and  one  engineer 
working  from  noon  till  midnight,  and  another  pair  from  midnight 
till  noon.  At  nieht  the  derrick  is  lighted  with  a  primitive  form  of 
lamp,  something  like  an  iron  kettle  with  a  spout  on  each  side,  in 
which  crude  petroleum  is  burned.  The  operation  of  drilling  sddon^ 
however,  proceeds  very  long  without  the  aid  of  the  "fishing  tods' 
being  required.  Perhaps  the  cable  breaks,  or  one  of  the  tools  becomei 
detached,  and  the  operation  of  extraction,  which  is  termed  "fishing," 
is  often  very  tedious.  Considerable  skill  has,  however,  been  expended 
in  devising  tools  to  meet  almost  all  conceivable  cases,  and  there  are 
now  hundreds  of  tools  available;  from  the  delicate  "grab"  designed 
to  pick  up  a  small  piece  of  valve-leather,  to  the  ponderous  string  erf 
"  pole  tools  "  containing  tons  of  iron,  by  means  of  which  a  set  of  took 
can  be  unscrewed  at  a  depth  of  1600  ft.,  and  brought  up  one  by  one, 
or  a  thread  can  be  cut  on  the  broken  end  of  a  sinker-bar  or  auger-staa* 

Every  oil-well  is  naturally  divisible  into  three  sections,  vit  :— 
(1)  surface  clays  and  gravels,  (2)  stratified  rocks  containing  more  oi 
less  water,  (3)  stratified  rocks,  seldom  water-bearing,  including  th« 
oil-sands.  The  first  division  requires  the  conductor  already  deembe^ 
and  the  second  division  requires  casing  to  shut  off  the  water  from  the 
third  section.  The  earlier  method  of  excluding  the  water,  by  pladn| 
a  seed-bag  round  the  tubing,  has  been  found  unsatisfiactory,  as  tbi 
tubing  could  not  be  removed  for  repairs  without  disturbing  the  seed 
•bag,  and  letting  water  into  the  well.  Cast-iron  drive  pipe  wn 
adopted  as  a  substitute  for  the  wooden  conductor  used  in  the  earlid 
wells.  An  important  alteration  was  the  introduction  of  Sj-in.  casini 
as  a  permanent  fixture.     This  casing  extended  to  the  bottom  of  tiv 
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water-bearing  rooks,  and  was  famished  either  with  the  seed-bag  or 
with  a  leather  oup,  which  was  foroed  open  against  the  sides  of  the 
well  bj  the  pressure  of  the  water.     The  tubing,  of  2f-in.  external 
diam.,  and  extending  nearly  to  the  bottom  of  the  well,  was  then 
placed  inside  and  suspended  from  the  casing.    To  obtain  a  supply  of 
water  for  the  boiler,  a  small  pipe  was  often  inserted,  between  the 
tubing  and  the  casing,  into  the  water-chamber  above  the  seed-bag. 
Although  this  well  was  a  great  improvement,  it  possessed  defects. 
Thus  the  casing  being  3|-in.  internal  diam.,  while  the  uncased  part 
bdow  it  was  5^ in.,  fishing  tools  oould  not  be  easily  introduced,  and  if 
it  became  necessary  to  deepen  the  well,  only  d^in.  bits  could  be  used. 
The  modem  well  has  an  8-in.  wrought-iron  drive-pipe,  armed  at  the 
bottom  with  a  steel  shoe.    The  pipe  is  driven  down  to  the  bed-rock, 
uid  an  8-in.,  or,  strictly  speaking,  7^in.,  hole  is  drilled  in  the  base  of 
the  water-bearing  strata.    At  this  point,  the  bore  is  gradually  reduced 
to  5^in.,  and  there  a  bevelled  shoulder  is  made ;  5^in.  casing,  pro- 
vided at  the  lower  end  with  a  collar  to  fit  the  bevelled  shoulder,  is 
then  inserted,  and  a  sufficiently  water-tight  joint  is  thus  made. 
Drilling  with  5]^in.  bits  is  then  continued  until  the  required  depth 
has  been  reached.    When  gas  is  obtained  in  sufficient  quantity  to 
famish  fuel  for  the  boiler,  it  is  conveyed  through  a  2-in.  pipe  con- 
oeoted  with  the  casing  beneath  the  derrick  floor,  and  passing  into  the 
ioor  of  the  furnace.    A  ^-in.  steam-pipe,  fitted  with  an  elbow  and 
jhin.  jet,  is  inserted  in  the  gas-pipe,  close  to  the  fire-box,  and  a  blast 
Cff  steam  is  thus  caused  to  issue  with  the  gas.    The  apparatus  acts 

15  an  exhauster,  drawing  the  gas  from  the  well,  and  preventing  the 
lame  from  running  bac£    The  cost  of  a  well  is  about  6002. 

The  ^water-packer'*  is  a  device  to  prevent  water  that  may  pass 
into  a  well  below  the  casing  from  gaining  access  to  the  oilnsand,  and 
Eo  stop  the  ascent  of  gas  on  the  outside  of  the  tubing.  It  is  applied 
tmnd  the  tubing  at  aoy  desired  point,  and  its  effect  is  to  shut  on  all 
tommnnication  between  the  annular  space  outside  the  tubine  above 
t  and  the  oil  chamber  below.  The  oil  and  gas  are  thus  confined  in 
he  well  chamber,  and  many  wells  are  thus  caused  to  flow  that  would 
itherwise  require  pumping.  Under  these  circumstances  the  flow  is 
atermittent,  taking  place  when  sufficient  gas-pressure  has  accumu- 
Ued.  There  are  many  forms  of  water-packer,  but  one  of  the  simplest 
tmsists  of  a  band  of  rubber  which,  on  compression,  is  forced  against 
tie  walls  of  the  well.  If  the  well  does  not  flow,  the  oil  requires  to 
e  raised  to  the  surface  by  a  pump.  The  working  barrel  of  the  pump 
I  placed  at  the  bottom  of  the  well  on  the  end  of  the  tubing,  a  per- 
>rated  pieoe  of  casing  of  proper  length,  termed  the  **  anchor,"  being 
ttacbed  to  the  lower  end  of  the  working  barrel.     To  the  sucker  of 

16  pomp  the  required  number  of  wooden  sucker-rods,  screwed 
>g6tber,  are  attached,  the  upper  end  of  the  string  of  rods  being  con- 
acted  with  the  walking-beam.  There  is,  of  course,  a  valve  at  the 
[)tt(nn  of  the  working  barrel,  and  in  the  sucker.  The  sucker  is  pro- 
ided  with  a  series  of  3  or  4  leather  cups,  which  are  pressed  against 
le  working  barrel  by  the  weight  of  the  column  of  oU.  The  sucker 
ids  are  of  ash,  1\  in.  diam.  by  24  ft.  to  28  ft.  long.  When  a  number 
'  oontigtious  wells  are  to  be  pumped^  an  arrangement  termed  a 


Digitized  by 


Google 


286  ECONOMIC  MINING. 

"  grasshopper  "  apparatus  is  employed.    By  this  means  several  wells 
oan  be  pumped  by  the  action  of  a  single  walking-beam. 

Most  petroleum  wells  in  the  United  States  are  "  torpedoed "  on 
the  completion  of  the  drilling,  in  order  to  increase  the  flow  of  oil 
The  torpedo  is  a  charge  of  nitro-glyoerine  in  a  suitable  shell,  which 
is  lowered  to  the  oil-bearing  rock,  and  there  exploded,  with  the  effect 
of  opening  fissures  into  the  surrounding  rock.  The  shells,  which  are 
of  tin  plate,  are  of  two  kinds.  One  form  is  lowered  to  the  bottom  of 
the  well  by  a  string  that  can  easily  be  detached,  and  rests  on  what  is 
termed  an  "  anchor,"  which  is  simply  a  cylindrical  tin  tube  of  such 
length  as  will  bring  the  torpedo  to  the  required  petition.  To  the 
upper  end  of  the  shell  is  fitted  a  *'  firing  head  "  consisting  of  a  oircalar 
plate  of  iron,  only  slightly  smaller  than  the  bore  of  the  well,  having 
projecting  verticjJly  downwards  from  its  lower  surface  a  rod  on  which 
a  percussion  cap  is  placed.  Beneath  the  cap  is  an  anvil.  The  lower- 
ing cord  having  been  detached  and  drawn  up,  a  cast-iron  weight, 
termed  a  '*  go  devil,"  is  dropped  into  the  well,  and  this  weight  strikiiij? 
the  disc  explodes  the  percussion  cap  and  fires  the  torpedo.  The  oth» 
form  of  shell  is  suspended  by  a  cord,  which  serves  as  a  guide  for  & 

Serforated  weight  running  on  it  The  usual  size  of  the  former 
escription  of  shell  is  S^  in.  diam.  by  10  ft.  long,  a  shell  of  these 
dimensions  holding  20  quarts  of  nitro-glycerine.  Frequently  as  large 
a  charge  as  80  quarts  is  used,  and  it  is  then  usual  to  employ  4  shells 
of  the  dimensions  given,  the  lower  end  of  one  fitting  into  the  upper 
end  of  another,  and  only  the  top  shell  of  the  series  having  the  firing 
head.  Shells  of  the  otner  description  are  commonly  termed  sqtiiha. 
They  are  of  much  smaller  dimensions,  holding  only  about  1  quart  of 
the  explosive  liquid,  and  are  now  generally  used  to  bring  about  the 
explosion  of  the  large  torpedo. 

The  torpedo  is  usually  exploded  under  about  50  ft.  of  water. 
Little  or  no  sound  is  heard,  but  a  slight  quiver  of  the  ground  is  c^ta 
perceptible.  A  few  moments  after  the  explosion,  however,  the  fliii<i 
in  the  well  is  shot  into  the  air  with  great  violence,  forming  a  magnifi- 
cent fountain,  and  small  pieces  of  rock  are  also  thrown  out.  The 
torpedo  and  exploding  weight  are  blown  into  small  fragments. 

Some  authorities  are  of  opinion  that  the  effect  of  the  torpedo  v 
simply  to  clear  the  pores  of  the  rock  of  obstructions,  the  apparent 
increase  in  the  yield  of  oil  being  due  to  reaction  from  the  immeme 
gas  pressure  produced  by  the  explosion.  Many  wells,  however,  thil 
produced  no  oil  on  the  completion  of  the  drilling  (technioaUy  tennei 
"  dry-holes ")  have,  through  the  use  of  the  torpedo,  been  caused  to 
yield  abundantly.    In  Bussia  the  torpedo  is  never  used. 

A  modification  of  the  rope  system  of  drilling,  known  as  the  rn( 
system,  is  adopted  in  Canada,  Bussia,  and  Galicia.  It  consists  in  thi 
substitution  oi  2-in.  ash  rods,  16  ft.  long,  screwed  together,  f<»r  tbi 
portion  of  the  drilling  cable  which  passes  from  the  end  of  the  walking 
beam  to  the  string  of  tools.  Iron  rods  are  used  in  Bussia.  The  rodit' 
in  some  cases,  work  in  guides.  The  rod  system  is  apparently  preio^ 
able  to  the  rope  system,  where  the  well  is  not  very  deep. 

In  Bussia  it  is  usual  to  commence  drilling  with  a  bit  as  much  tf 
15  to  16  in.  diam.,  but  it  is  generally  found  necessary  to  gradiul^ 
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tliTninish  ihe  size  of  the  bit  as  the  drilling  proceeds.  The  average 
rate  of  sinking  is  140  ft  per  month.  In  oonsequenoe  of  the  extreme 
preGSiire  of  the  gas,  amounting  sometimes  to  as  much  as  300  lb.  per 
Bq.  m.,  it  is  found  difficult  to  prevent  the  oil  from  escaping  between 
the  casing  and  the  ground.  This  difficulty  has  been  overcome  by 
iinking  an  octagonal  well  about  6  ft.  diam.  and  40  ft.  deep,  down  to 
the  hiffd  ground,  and  filling  in  the  space  round  the  casing  with 
masonry  in  cement ;  or  by  tamping  the  space  with  puddled  clay,  after 
the  joint  between  the  casing  and  the  hard  ground  has  been  caulked 
with  rope-packing. 

When  wells  have  ceased  to  yield  oil  in  remunerative  quantity  in 
the  United  States,  it  is  usual  to  draw  out  the  iron  casing  for  use  in 
other  wells ;  but  as  this  operation  allows  surface  water  to  gain  access 
to  the  oil-sand,  and  as  it  has  been  found  that  the  yield  of  adjacent 
wells  is  prejudicially  a£fected  by  this  **  flooding  "  as  it  is  termed,  the 
Pennsylvania  Legislature  enacted  that  abandoned  wells  should  be 
"" plugged"  by  fimng  them  with  sand.  The  prejudicial  e£fect  of  the 
flooding  of  the  oil-bearing  strata  has  been  experienced  in  the  Caucasus, 
the  neroentage  of  water  in  the  oil  raised  in  tnat  locality  being  steadily 
on  Uie  increase. 

When  the  oil  has  reached  the  surface,  either  by  flowing  or  being 
pomped,  it  is  conducted  into  a  tank,  usually  of  wood,  holing  about 
250  barrels.  In  America,  quantities  of  crude  petroleum  are  always 
itated  in  •*  barrels "  of  42  gal.  (6  American  gal.  =  4  Imperial  gal.), 
[n  the  early  days  of  the  industry,  the  only  method  of  transporting 
the  oil  was  in  oak  barrels  holding  40  or  50  gal.,  coated  internally 
rith  glue ;  but  the  small  quantity  of  water  present  in  the  oil  was 
bond  to  dissolve  the  glue,  and  cause  the  barrels  to  leak.  The  tank 
ar  now  employed  consists  of  a  cylinder  of  boiler-plate,  Iving  upon  a 
t-wheeled  truck,  and  provided  with  a  dome  similar  to  that  which  a 
lorizoDtal  steam-boiler  has.  The  tank  is  famished  with  means  of 
Uling  at  the  top,  and  with  a  valve  beneath  by  which  it  can  be 
mptied ;  it  is  usually  about  24  ft.  6  in.  long  by  66  in.  diam.,  and 
olds  4500  to  5000  gsl 

Gradually  a  system  of  pipe-lines,  running  from  the  wells  to 
entral  stations  and  thence  to  loading  stages  on  the  railway  lines, 
ras  constructed,  and  at  the  present  time  uiere  is  in  the  oil  regions 
r  the  United  States  a  complete  network  of  2-in.  piping  connecting 
le  various  wells  with  storage  tanks  and  trunk  lines,  aggregating 
lousands  of  miles. 

The  first  trunk  line  extended  from  the  lower  oil  country  to  Pitts- 
^M^^  a  distanoe  of  60  miles,  and  was  4  in.  diam.  The  New  York  line 
midsta  of  two  6-in.  tubes  for  the  entire  distance,  with  a  third  6-in. 
the  for  a  portion  of  the  way,  and  is  provided  with  11  pumping 
alionB  about  28  miles  apart;  its  transporting  capacity  is  about 
iJ,000  barrels  a  day.  The  greatest  elevation  of  the  pipe  between 
ations  above  tide-water  is  2490  ft.  The  Philadelphia  pipe  has  a 
dimeter  of  6  in.  with  6  stations ;  the  Baltimore  pipe  is  5  in.  diam. 
ithoat  a  break ;  the  Cleveland  pipe  5  in.  with  4  stations ;  and  the 
offiJo  and  Pittsburg  pipes.  4  in.  with  2  stations. 

The  pipe  is  made  specially,  and  is  of  wrought  iron,  lap-welded. 
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It  is  tested  to  a  pressure  of  1500  lb.  per  sq.  in.,  the  worldng  [ 
being  900  to  1200,  or  even  sometimes  1500  lb.  The  pipe  is  in  leogtl 
of  18  ft,  provided  at  each  end  with  ooarse  and  shu^  taper  thread 
9  to  the  inoh,  and  the  lengths  are  connected  with  long  sleeve  ooui^infl 
also  screwed  taper.  The  line  is  nsnally  laid  2  or  3  fL  below  ti 
surface  of  the  ground,  though  in  some  places  it  is  exposed,  and  i 
intervals  bends  are  provided  to  allow  for  contraction  and  expansia 
At  the  different  pumping  stations  there  are  storage  tanks  of  li^ 
boiler  plate,  usually  90  ft.  diam.  by  30  ft.  high,  the  oil  being  ptanpc 
irom  the  tanks  at  one  station  to  those  at  the  next,  though  sometiiiM 
loops  are  laid  round  the  stations,  and  oil  has  thus  been  pumped 
distance  of  110  miles  with  one  engine.  The  primping  engines  chiei 
employed  are  the  Worthington  engines,  constructed  at  the  Worthingtc 
Works  in  New  York,  and  at  each  station  there  is  usually  a  dnplicaj 
set.  The  characteristics  of  these  pumps  are  independent  plnng« 
with  exterior  packing,  valve-boxes  subdivided  into  small  chanibec 
and  leather-lined  metallic  valves  with  low  lift  and  large  siir£M» 
The  engines  vary  in  size  from  200  to  800  h.p.  The  pumps  are  i 
constructed  that  before  one  plunger  has  completed  its  stroke  anotU 
has  taken  up  the  work.  The  column  of  oil  is  thus  kept  continnond 
in  motion,  and  the  violent  concussions  which  occur  when  the  o 
column  is  allowed  to  come  to  rest  between  the  strokes  are  avoided. 

Tankage  at  convenient  centres  of  distribution  is  neoeesad 
American  tanks  usuallv  hold  about  30,000  barrels.  They  are  \ 
boiler  plate,  roofed  with  wood,  covered  with  sheet  iron^  the  ro^ 
being  usually  slightly  conicaL 

Oil  is  frequently  pumped,  in  hot  weather,  when  it  is  most  fluid, 
distance  of  80  miles.  At  high  pressure  leaks  occasionally  oocor,  an 
workmen  sometimes  have  their  hands  cut  to  the  bone  by  the  fio 
stream  of  oil  issuing  from  some  minute  orifice  when  engaged  i 
stopping  the  leaks. 

A  very  interesting  feature  of  the  pipe  line  system  of  transporta^ 
is  the  arrangement  adopted  for  cleaning  the  pipes,  and  removiq 
obstructions  caused  by  sediment.  The  apparatus  used  (termed  a  "g« 
devil ")  consists  in  many  cases  of  a  brush  of  steel  wire  of  conical  fom 
fitted,  at  the  base  or  rear  end  of  the  cone,  with  a  leather  valve  in 
sections,  strengthened  with  brass  plates,  and  also  furnished  with  lonl 
steel  wire  guides.  This  instrument  is  impelled  by  the  stream  of  oi{ 
and  travels  at  the  rate  of  about  3  miles  an  hour.  Its  progrooo  can  \ 
traced  by  the  scraping  sound  which  it  makes,  and  it  is  fouowed  frcn 
one  pumping  station  to  another  by  relays  of  men  on  foot.  It  mtu 
never  be  allowed  to  get  out  of  hearing,  otherwise,  in  the  event  of  \\ 
progress  being  arrested  by  an  obstruction,  it  may  be  necessary  to  tak 
up  a  considerable  length  of  piping  to  ascertain  its  position. 

It  is  by  no  means  uncommon  for  storage  tanks  of  crude  petroleum  i 
be  set  on  fire  by  lightning,  notwithstanding  the  general  omploymeu 
of  lightning  conductors,  the  vapour  whion  the  oil  evolves  readil; 
taking  fire,  and  communicating  flame  to  the  oiL  When  a  tank  ha 
taken  fire,  the  oil  usually  boils  over,  and  to  prevent  this,  holes  throngi 
which  the  oil  may  escape  are  made  by  firing  round  shot  at  the  tanl 
from  small  cannon.    Such  fires  are  occasionally  of  great  magnitude 
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and,  as  may  be  imagined,  involve  no  small  danger  to  sorronnding 
property. 

EoglisH  store  tanks  of  the  older  form  are  arranged  partly  nnder- 
gronnd,  risiog  to  a  height  of  about  4  ft.  above  ground ;  this  portion  is 
protected  by  a  wall  and  about  3  ft.  of  conorete,  and  the  roof  is  formed 
of  a  layer  of  chalk  about  1  ft.  thick.  In  the  more  modem  form  of 
storage  tank  the  oovering  is  arranged  so  that  a  current  of  air  can 
pass  over  the  surface  of  the  stored  petroleum.  According  to  practical 
experience  it  would  seem  that  a  tank  open  to  the  air  is  more  suitable 
for  storage  than  one  which  is  closed ;  in  the  latter  case,  the  manholes 
Aze  protected  by  a  layer  of  earth.  Li  the  one  case,  the  more  volatile 
portions  are  sealed  up  ready  to  take  fire,  either  by  the  approach  of  a 
Light,  or  from  a  sudden  or  undue  rise  of  temperature ;  wnile  in  the 
case  of  the  open  tanks  the  current  of  air  carries  off  the  volatile 
rapours  as  fast  as  they  are  venerated.  Aa  nothing  is  stored  but  the 
otfual  class  of  petroleum  with  a  fairly  high  flashing  point,  the  loss  by 
evaporation  is  not  sufficiently  sensible  to  weigh  against  the  greater 
lafety  brought  about  by  this  system.  In  Liverpool,  the  storage  tanks 
kre  excavations  made  in  the  solid  red  sandstone  rock,  one  side  being 
>mlt  with  concrete  and  brick. 

The  production  of  crude  petroleum  in  the  United  States  is  about 
i,0OO,OOO  gaL  yearly.  In  1892  it  reached  2,282,469  gal.,  of  which 
04,397  gal.  were  exported  as  crude  petroleum,  16,393  gal.  as  naphtha, 
^B9,418  gaL  as  illuminating  oil,  34,027  gal.  as  lubricating  oil,  403  gal. 
«  residue,  and  69,876  lb.  paraffin.  The  total  output  of  the  United 
states  to  end  of  1888  is  computed  at  373,000,000  gal.,  not  counting  a 
raete  of  about  20,000,000  gal.  The  Caucasus  affords  about  3,000,000 
PUR  annually,  Galicia  about  1,000,000  barrels,  Japan  about  5000  tons, 
taly  about  200  tons,  Canada  about  1,000,000  barrels.  Great  Britain 
bout  35  tons. 

OxoheriU — Ozokerit,  ozocerite,  earth-wax,  mineral  wax,  or  cerisine, 
\  a  solid  hydrocarbon,  usually  regarded  as  a  petroleum  very  rich  in 
araffinu     Its  composition  has  been  found  to  be  : 


MoldAYlao. 

Urpetb. 
Johnson. 

Utah. 

Malagatl. 

SchroUer. 

Newberry. 

3brbon       

];diogen 

85-75 
15-15 

86-20 
13-77 

86  80 
1406 

86-15 
13-75 

100-90 

99-97 

100-80 

99-90 

It  is  supposed  to  be  composed  of  several  members  of  the  paraffin 
ries  which  are  represented  by  the  general  formula  C.Hj,,  and, 
»rhap0,  contains  certain  of  the  defines.  Its  density  ranges  from 
150  to  -950,  and  its  melting  point  from  136''  F.  to  212''  F.  Pure 
ecimens  resemble  resinoas  wax  in  consistency  and  translucency, 
iBetiines  with  a  foliated  structure.  Its  colour  is  brown  or  brownish- 
lUow  by  transmitted  light,  and  leek-green  by  reflected  light.  The 
orer  qualities,  which  are  black,  and  are  either  too  soft  from  abun- 
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danoe  of  petroleum,  or  too  hard  (asphalt-like  in  character),  are  m 
for  the  production  of  paraffin.  Tne  American  mineral  is  dark  bron 
on  the  surface,  but  grows  lighter  in  colour  as  the  depoBit  is  workc 
Energetic  chemical  reagents,  such  as  sulphuric  and  nitric  acids  ai 
alkahes,  have  no  action  on  it.     It  is  odourless  and  tasteless. 

Galician  mineral  wax  is  found  in  Miooene  clay  shalee  and  di 
marls,  with  intercalated  sandstone,  and  it  frequently  aocompan] 
rock  salt  and  gypsum.  At  Boryslaw  it  is  found  after  a  deptii  of  \ 
to  70  ft.,  and  some  shafts  have  been  sunk  700  ft,  where  the  acoa 
panying  rock  is  strongly  impregnated  with  oil.  At  Tmskawiec  the 
are  surface  veins  of  l^be  wax,  and  the  shafts  have  not  been  siink 

Small  quantities  of  ozokerit  have  been  discovered  in  £ngland, 
Binney  quarry,  Linlithgowshire,  at  the  Urpeth  colliery,  ^jewcastl 
on-T>ne,  and  in  Wales.  It  is  also  found  in  Moldavia,  and  in  t 
neighbourhood  of  A  gram,  in  Croatia,  but  the  most  important  depos 
are  in  Oalicia,  at  the  northern  foot  of  the  Carpathian  Mountains.  T 
exact  localities  are  Boryslaw,  Tmskawiec,  Dwiniacz,  and  Stanmi 
the  first  named  being  the  most  valuable.  In  America  its  occnrrcD 
is  reported  about  50  miles  north-east  of  Los  Angeles,  California ; 
Texas,  and  in  Utah.  The  only  working  deposits  are  situated  ne 
Pleasant  Valley  Junction  and  Soldiers'  Summit,  114  miles  east 
Salt  Lake  City,  on  the  Denver  and  Bio  Grande  Bailway. 

In  nearly  every  case  the  Gralician  mineral  is  raised  through  v^ 
tical  shafts  or  pits,  over  which  a  wooden  roof  is  erected.  The  secti^ 
of  the  shafts  in  the  first  instance  is  32  to  43  sq.  ft. ;  but  when  t 
ozokerit  formation  is  reached,  an  inner  shaft  39  in.  square  is  form 
of  timber,  and  the  space  between  this  and  the  timbering  of  the  larg 
shaft  is  filled  with  stiff  clay.  This  construction  is  adopted  to  excla 
the  surface  watt-r,  which  is  kept  down  by  hand-pumps  during  sinkii 
From  ^e  bottom  of  the  shafts,  levels  are  driven  into  the  ozokei 
ground,  the  richer  portions  being  raised  and  the  refuse  used  to  fill  \ 
the  old  workings.  The  softer  parts  of  the  marl  are  dislodged  1 
means  of  pick  or  wedge ;  but  where  the  rock  is  hard,  and  the  perm 
sion  of  the  mining  authorities  can  be  obtained,  dynamite  is  need.  T 
mineral  is  raised  by  hand,  in  skips  or  tubs  holding  88  to  110  I 
Hand  ventilators  are  used  for  the  purpose  of  ventilation,  but  ex|^ 
sions  of  gas  are  not  uncommon.  Safety-lamps  are  nsed  in  all  1 
mines.  The  timbering  of  the  shafts  requires  constant  renewal  a| 
repairs ;  in  some  cases  it  is  almost  impossible  to  keep  the  shafts  p| 
pendicular. 

The  water  is  usually  raised  in  tubs,  and  much  difficulty  is  exp« 
enced  in  getting  rid  of  it  after  it  reaches  the  surface,  on  accouni 
the  numerous  shafts  and  the  broken  nature  of  the  ground.  1 
mineral,  when  it  leaves  the  tubs,  is  sorted  by  hand.  The  waste  n 
is  picked  out  and  tipped  to  spoil,  lumps  of  ozdkeiit  are  specially 
lected,  and  the  remainder  of  the  rock,  containing  fragments  of  wa 
tipped  into  tanks  full  of  water.  On  being  well  stirred,  most  of  the 
rises  to  the  surface,  and  is  skimmed  off.  The  residue  still  oom 
to  3  per  cent,  of  wax.  The* quantity  of  waste  mineral  being  ool  , 
able,  and  the  distance  between  the  shafts  small,  a  special  railway 
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en  built  to  remove  the  residues  from  the  immediate  neighbourhood 
theminea 

Ozokerit  is  largely  used  in  Europe,  especiallj  in  Bussia,  as  a  sub- 
itnte  for  beeswax.  Refined  ozokerit,  or  oeresin,  is  distilled,  and  the 
laltine  wax  is  employed  for  the  manufacture  of  candles,  which  are 
pecia%  adapted  for  use  in  high  temperatures,  as  they  are  less  likely 
gutter  and  bend  than  ordinary  paraffin  candles.  Another  product 
bde  from  ozokerit  by  distillation  resembles  Yaseline,  and  is  used  in 
itments  and  pomades.  By  the  action  of  Nordhausen  sulphuric  acid 
b  rendered  ^Aiite,  and  is  consumed  in  that  form  by  French  perfumers 
a  sabstitute  for  lard  in  the  process  of  enfleurage,  the  almost  entire 
lokbility  of  the  hydrocarbon  in  alcohol  giving  it  great  advantage 
nr  animal  fat.  The  residue  in  the  retorts  after  distillation  consists 
a  hard,  black,  waxy  substance  which  is  used  for  the  manufacture 
okonite,  a  valuable  electrical  insulating  materiaL  The  black  ozo- 
tit  residue  is  combined  with  rubber,  welded  by  passing  through 
krs  at  moderate  temperature,  and  vulcanised.  Okonite  is  not  only 
;Dod  insulator,  but  is  remarkably  flexible  and  tough. 
The  annual  production  of  ozokerit  in  Gcdicia  reached  its  maximum 
1836,  when  the  figure  was  139,254  centners  of  100  kilos,  or  say 
000  tons.  In  1890  the  output  had  fallen  to  about  6000  tons.  The 
loe  of  best  quality  is  about  302.  a  ton.  The  American  production 
■  43,500  lb.  in  1888,  50,000  lb.  in  1889,  350,000  lb.  in  1890,  50,000 
in  1891,  and  130,000  lb.  in  1892.    Its  value  is  about  18/.  to  ^22. 
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PHOSPHATES. 

Deposits  of  phospbatic  mineralfi  haying  di£fereiit  characteristicB, 
physical  appearance  and  in  chemical  composition,  as  well  as  in  t 
results  obtained  from  them,  have  been  found  in  nearly  every  part 
the  globe.  The  commercial  value  of  these  is  chiefly  regulated  by  t 
percentage  of  tribasic  phosphate  of  lime  they  contain,  llie  rid: 
they  are  in  this  element,  the  more  valuable  they  are  {esBteris  par^ 
for  the  manufacture  of  superphosphates.  But,  the  amount  of  p}» 
phate  of  lime  in  a  mineral  cannot  be  taken  as  the  only  criterion  of  i 
value,  for  it  sometimes  happens  that  a  phosphate  containing  a  low 
percentage  of  this  ingredient  will  make  a  stronger  and  better  snp( 
phosphate  than  a  richer  one  containing  more  deleterious  impuriti 
The  value  is  very  much  affected  by  the  amount  of  lime  carbonai 
iron,  alumina,  and  calcium  fluoride  present ;  also,  by  its  porosity 
density,  and  the  facility  with  which  it  can  be  reduced  to  a  £ne  po 
der.  If  not  in  excessive  quantity,  lime  carbonate  is  rather  an  adv^ 
tage  than  otherwise  in  the  manufacture  of  a  good  conditioned  snp^ 
phosphate,  inasmuch  as  the  carbonic  acid  disengaged  from  it  wh 
acid  is  applied,  makes  a  mass  more  bulky  and  open,  and  causes  it 
appear  porous  or  honeycombed  when  finished. 

The  presence  of  a  large  quantity  of  iron  and  alumina  in  mina^ 
phosphates  is  objectionable,  for  they  not  only  absorb  acid,  but  8n[J 
phosphates  made  from  them  have  a  tendency  to  **  go  back,"  or  beocn 
insoluble  again ;  therefore,  the  unit  percentage  of  lime  phosphate 
worth  less  in  minerals  containing  a  good  deal  of  these,  than  in  otbi 
containing  only  a  little.  Calcium  fluoride,  which  generally  accoj 
panics  phosphatic  minerals,  also  reduces  their  value.  It  wastes  a<a 
and  in  oecoming  lime  sulphate,  its  weight  is  increased  to  the  detrisHJ 
of  the  superphosphate.  Silicious  matter  is  a  useless  ingredient,  bol 
harmless  one,  except  in  so  far  as  it  causes  an  unnecessary  weight 
be  moved  about,  and  when  in  excessive  quantity  reduces  the  prop 
tion  of  soluble  phosphate  in  the  superphosphate  to  such  an  extent 
to  make  it  unmarketable.  Ordinary  mineral  superphosphate  contai 
biphosphate  of  lime  equal  to  25  to  28  per  cent,  of  tribasic  phosphf 
of  lime  rendered  soluble ;  and,  aa  it  is  well  known  that  good  Cambrid 
coprolites  are  capable  of  yielding  this  of  a  good  chemical  oompodtii 
and  in  a  dry  powdery  condition,  the  analysis  of  this  mineral  may 
taken  as  a  fair  standard  upon  which  to  assess  the  yalue  of  othen. 

Cambridge  coprolites  come  from  the  Upper  Greensand  in  0^ 
bridgeshire,  and  occur  as  small  nodular  hard  masses  of  a  grey  ook 
(supposed  to  be  fossil  excrement  of  animals)  or  occasionally  concretii 
around  bones,  amongst  which  are  found  fish  teeth  and  some  verteb 
Either  from  the  exhaustion  of  the  better  sorts  or  from  im] 
washing,  the  quality  has  deteriorated,  and  there  is  now  some  di 
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t  making  stiperphospliate  from  them  to  contain  more  than  25  per 
«it  of  solable  phosphate.    Their  average  composition  is : — 

Per  cent. 

Tribasio  pboephate  of  lime        55  to  60 

Liine  oaroonate  .. 12  »,  18 

Almniiia  and  iron  oxide 3  „  5 

Caloinm  fluoride         2  „  4 

iDsoInble  siliciouB  matter 6  „  8 

Sometimes  the  iron  and  alumina  reach  10  to  14  per  cent. 

These  coprolites  are  extracted  by  washing  from  a  stratum  not 
iore  than  1  ft.  thick.  An  average  yield  is  300  tons  per  acre,  and 
imetimes  as  much  as  3002.  an  acre  nas  been  paid  for  the  right  to 
igthem. 

An  inferior  ooprolite  is  mined  at  Wicken,  in  Cambridgeshire, 
iving  the  following  composition : — 

Per  cent. 

Moisture 1*66 

L088  by  ignition       2*97 

Sand,  silioa,  and  pyrites 24*46 

Galcinm  fluoride      2*02 

Lune  sulphate 1*53 

Lime  carbonate        10*16 

Lime  silicate  and  organate 6*40 

Lime  tri-phosphate 35*66 

Ironoziae 7*56 

Alumina 4*07 

Phosphoric  acid       2*67 

In  Su£folk,  coprolites  are  found  subjacent  to  the  London  clay,  and 
mcdst  chiefly  of  rolled  pebbles,  with  a  small  proportion  of  more  or 
IB  perfect  specimens  of  bones  of  various  animals,  as  also  some  fish 
id  crnstacea.  They  were  formerly  regarded  as  fossilised  excrements 
t  animals,  for  which  reason  they  were  called  coprolites ;  but  they 
re  now  supposed  to  be  calcareous  pebbles,  which  have  undergone  a 
Beoliar  change,  and  become  impregnated  with  phosphoric  acid  by 
ng  continued  contact  with  decaying  animal  and  vegetable  matter. 
Ihe  name  peeudo-coprolite  has  been  given  from  their  resemblance  to 
b  Cambridge  coprolites,  but  they  are  distinguished  from  the  latter 
y  a  brownish  ferruginous  colour  and  a  smoother  surface.  They  are 
ery  hard,  and  generally  contain  too  much  iron  oxide  and  alumina  to 
Dow  them  to  be  used  safely  in  the  manufacture  of  superphosphates, 
liidr  percentage  composition  is : — 

Per  cent. 

Tribasio  phosphate  of  lime       52  to  61 

Lime  carbonate 10  „  17 

Alumina  and  iron  oxide 5  „  10 

Galcium  fluoride         1  9»  4 

Insoluble  silicions  matter 9  „  12 

Bedfordshire  coprolites  have  an  affinity  to  the  Suffolk  nodules, 
lid  are  oompoeed  generally  of : — 

Tribasio  phosphate  of  lime 50 

Lime  carbonate       8 

Alumina  and  iron  oxide        8 

Oiloiinn  fluoride      4 

Insoluble  siliciouB  matter     20 


Digitized  by 


Google 


294  ECONOMIC  MINING. 

Wales  possesses  very  extensive  phosphatio  deposits  in  Mont^romery 
shire,  the  mineral  averaging  abont  50  per  cent,  phosphate  of  Ume,  2j 
silicions  matter,  9  lime  carbonate,  7  insoluble  iron  sulphate,  and  1  ead 
of  alumina  and  iron  oxide.  The  rock  as  mined  carries  much  worth 
less  matter,  and  to  dress  it  up  to  46  per  cent,  standard  costs  Z%.  \ 
ton.  Its  colour  seems  to  be  prejudicial  to  its  sale,  as  the  indostiy  i 
languishing* 

England  produces  10,000  to  30,000  tons  of  phosphate  yearly. 

In  Eussia,  coprolites  are  found  in  some  abundance,  but  their  poa 
quality  is  indicated  by  the  following  figures : — 

Per  oont. 

Tribado  phosphate  of  lime        S3  to  48 

Limeoaroonate ....      5  „     6 

AlmniDa  and  iron  oxide     ..     ..     5  „     6 

Galcimn  fluoride 8^4 

Inaoluble  silicionB  matter 42  „  44 

Enormous  coprolite  beds  occur  in  France,  notably  in  the  neigli 
bourhood  of  Boulogne  and  near  the  Belgian  and  Swiss  frontiers.  Th 
Boulogne  coprolites  are  met  with  as  dark  grey  nodules,  much  assoc 
ated  with  organic  remains.  They  have  been  shipped  in  quantities  t 
England,  and  used  in  admixture  with  richer  phosphatic  material 
Samples  from  Pas  de  Calais  showed  on  analysis : — 

IVreeot. 

Moiftnre 0-610 

Sand,  p3rTitee,  fto.,  insoluble  in  HGl 33-840 

Silicic  add       1*490 

Calcium  fluoride     2*100 

Lime  sulphate 2*487 

Lime  carixinate       11-360 

Lime  silicate,  fto 7*860 

Triphosphate  of  lime     29-150 

M  ofmagneeia 2-552 

Iron  oxide        2*11 

Alumina 2*780 

Phosphoric  aoid      5*700 

The  production  reaches  about  300,000  tons  annually. 

Various  complete  analyses  of  Boulogne  coprolites  indicate  t| 
average  contents  to  be : — 

Moisture ..  -79  to    1*74 

Water  of  combination     1'04  „    8*24 

Phosphoric  acid       17*69  „  21*27 

lime 30*41  „  85*88 

Carbonic  acid 3*55  ^    5*25 

Sulphuric  acid -85  „       *90 

Fluorine 2*08  „    4*69 

Magnesia   .. ' -25  „      -83 

Iron  oxide ;.  2*89  „    6*24 

Alumina 3*09  „    5*89 

Insoluble  silidous  matter       23*56  „  28*45 

Tribasic  phosphate  of  lime 88*61  „  46-97 

Lime  carbonate 8*07  „  11*93 

In  the  Ardennes,  the  beds  lie  beneath  about  200  ft  of  olay. 
France  is  particularly  rich  in  phosphate.    The  south,  centre,  ncti 
and  east  in  particular  are  well  supplied  with  it,  as  it  has  been 
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mated  that  the  total  amount  existing  in  theee  distriots  exoeeds 
32,000,000  tons.  The  production  of  natural  phosphates  rose  in  1886 
to  184,166  tons,  representing  a  value  of  nearly  7,080,000  francs  or 
oyer  283,0001. 

The  number  of  quarries  amounted  to  796,  and  of  workmen  to 
3160.  The  most  important  department  was  that  of  the  Meuse,  from 
which  nearly  52,000  tons  of  phosphate  were  obtained,  the  price  of 
which  averaged  about  25«.  a  ton.  These  phosphates,  consumed  partly 
in  the  neighbouring  departments,  £nd  their  way  also  to  Brittany  and 
La  Vendee.  In  the  Pas  de  Calais  the  production  of  phosphates,  washed 
and  ground,  amounted  to  30,000  tons,  with  an  average  price  of  about 
32«.  per  ton.  After  these  two  departments  comes  that  of  Lot,  in 
which  the  production  amounted  to  26,000  tons,  sold  in  the  Midi  at 
about  25«.  per  ton,  after  grinding.  The  department  of  the  Gard  sup- 
pbed  13,000  tons  of  triturated  phosphate.  In  the  east  of  France, 
phosphate  of  lime  is  obtained  from  the  greensand  ;  principally  from 
chalk  in  the  north ;  and  from  calcareous  soil  in  the  departments  of 
the  Gktrd,  Lot,  Aveyron,  and  Tam-et-Garonne. 

The  mineral  known  as  Lot  or  Bordeaux  phosphate  comes  from  the 
departments  of  Lot  and  Lot-et-Garonne,  in  France.  It  occurs  in 
pockets  in  fissures  in  the  limestone,  and  also  in  thin  layers,  near  the 
sur&oe.  Theee  are  covered  with  an  alluvial  soil  and  clay,  containing 
phosphates  but  much  contaminated  with  iron  and  other  impurities. 
The  pockets,  of  all  shapes  and  sizes,  and  sometimes  reaching  100  ft. 
deep,  are  generally  traced  and  indicated  by  narrow  vertical  veins  of 
deposit,  which  rise  from  them  to  the  surface,  and  are  mostly  found  on 
the  highest  ground.  It  varies  greatly  in  appearance,  texture,  and 
composition.  Occasionally,  it  is  found  in  snow-white  compact  masses, 
brealdng  with  an  earthy  fracture,  and  of  a  moderate  degree  of  hard- 
ness. The  more  ordinary  kinds  are  of  a  dark  yellow  or  brown,  dense 
and  hard ;  but  it  is  frequently  found  of  a  dark  agate  colour,  some- 
what resembling  the  inside  of  broken  flints,  of  a  waxy  lustre,  stratified 
and  intersected  with  thin  layers  of  iron  oxide.  It  has  the  appearance 
of  being  an  aqueous  deposit,  and  the  probable  cementing  together  of 
himps  of  phosphates,  bones,  &c.,  with  more  or  less  alluvial  clay  and 
tarth,  by  the  percolation  of  dissolved  phosphatic  matter,  may  account 
for  the  appearance,  texture,  and  composition  of  some  portions.  The 
white  specimens  are  generally  the  richest,  some  being  as  high  as  85 
|ier  cent,  with  a  minimum  (J  per  cent.)  of  iron,  &c.,  but  the  bulk  only 
L-ontain  70  to  72  per  cent.,  and  with  4  or  5  per  cent,  of  iron,  &c. 
Fossil  bones  and  teeth  are  found  in  quantity.  The  surface  phosphatic 
LArth  finds  a  ready  sale  on  the  spot.     Analyses  of  two  sample  parcels 

shoived: — 

Percent. 

Tribaaic  phosphate  of  lime     55>45to67'ld 

Lime  carbonate 8*3     „  15*81 

Iron,  alumina,  fluorides,  &0. 12*86  „    4*2 

Siliokms  matter        19-13  „    5*2 

The  best  varieties  of  these  phosphates  are  well  adapted  for  the 
Domnafacture  of  superphosphate. 

German  or  Nassau  phosphate,  deposited  like  the  Bordeaux  variety 
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in  pockets,  is  fotind  chiefly  in  the  neighbourhood  of  the  riveiB  Lak 
and  Dill,  in  Nassaa.  Some  of  it  is  of  a  yellow  colour,  breaking  wit! 
an  earthy  fracture ;  other  portions  have  the  appearance  of  pieces  c 
phosphate,  cemented  together  with  ferruginous  clay ;  and  in  w 
cases  it  appears  in  a  crystalline  form.  The  richest  Tarieties  are  of 
light  yellow  colour,  and  tolerably  free  from  iron,  &c. ;  but  the  pn 
dominating  lower  qualities  are  contaminated  with  much  iron  of 
day,  limestone,  &c.     The  composition  varies  thus : — 

Peroeot. 

TribMio  phoepbate  of  lime        58  to  65 

Lime  carbonate 5  „    8 

Iron  and  alumlDa 10  „  15 

Inaoluble  matter 10  „  12 

From  these  phosphates  there  is  no  difficulty  in  making  supe: 
phosphate  quite  dry,  but  they  invariably  set  extremely  hard,  an 
they  therefore  require  much  breaking  up.  They  cost  about  26^0 
a  ton  readv  for  market,  and  are  much  u^ed  locally. 

Spanish  and  Portuguese  phosphorite  generally  goes  under  the  nan 
of  Estremadura  phosphate,  from  the  province  in  Spain  where  it 
chiefly  found.  It  is  hard,  of  light  yellow  colour,  crystalline  structur 
and  generally  more  or  less  mixed  with  quartz,  and  becomes  phosplu 
resoent  when  heated.  It  is  tolerably  free  from  iron  and  alumina,  bi 
contains  variable  and  often  considerable  quantities  of  calcium  fluorid 
Following  are  some  analyses  of  Estremadura  phosphate : — 

Percent. 

Tribasic  pbospbate  of  lime        72  to  80 

Lime  carbonate 0  „    9 

Almnina  and  iron  oxide      2',,    4 

Calcium  fluoride 2^4 

Inaoluble  silicious  matter 4  „  18 

The  production  in  1890  was  less  than  1000  tons.  In  conversicj 
into  superphosphate  about  30-33  per  cent,  of  the  phosphate  is  render^ 
soluble,  but  the  lack  of  lime  carbonate  induces  a  dense  and  dan^ 
product  requiring  some  time  for  getting  into  good  condition. 

Describing  the  deposits  found  in  a  series  of  caverns  in  Eooei 
limestones  on  the  north-eastern  flank  of  the  Pyrenees,  in  the  Au^ 
Valley,  Armand  Gautier*  mentions  quantities  of  concretionary  pho^ 
phorite  and  other  phosphates,  both  of  lime  and  alumina,  varyiq 
from  15  to  50  ft.  in  depth,  being  estimated  to  contain  from  120,000  i 
300,000  tons  of  phosphatic  minerals,  which  difler  in  many  reaped 
from  the  ordinary  phosphorites  of  stratified  formations.  Amoi^ 
these,  one  of  the  most  interesting  is  brushite,  a  hydraulic  dibasi 
calcium  phosphate  (2CaOP205,6H20)  which  had  only  been  knov^ 
previously  as  a  secondary  product  incrusting  the  rook  euano  of  Avj 
Island  and  Sombrero  in  the  West  Indies.  It  contains  phosphoric  acj 
43,  lime  34.  and  water  23  per  cent.,  and,  as  a  rule,  occurs  in  cmsi 
upon  and  fQling  fissures  in  the  limestone  rocks.  The  bulk  of  t^ 
deposit  is,  however,  made  up  of  mixtures  of  tribasic  calcic  phosphaj 
and  neutral  phosphate  of  alumina,  which  vary  within  rather  witi 
limits,  but  frequently  are  in  nearly  equal  proportions,  about  24-3 

•  •  Annaks  dea  Mines.' 
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per  cent,  of  each,  oontaining  about  21\  per  oent  of  phosphorio  acid, 
whidi  18  moBtly  all  soluble  in  weak  acids.  A  third,  and  previously 
imdeacribed  subetanoe,  to  which  the  name  of  minervite  has  been  given, 
is  a  hydrated  aluminic  phosphate  (Al303P205,7H20)  which  was  found 
is  a  white  plastic  mass,  filling  a  vein  2-2\  ft.  thick. 

The  gedo^cal  formation  of  the  South  Carolina  phosphate  belt  is 
Hide  up  of  Quaternary  sands  and  clays  overlying  beds  of  Eocene 
marls  with  the  phosphate  distributed  over  their  surface  or  mixed  up 
indiacriminately  with  them.  The  total  area  covered  by  it  is  said  to 
be  70  miles  long  by  30  miles  broad ;  the  richest  and  most  accessible 
portion  being  in  the  immediate  neighbourhood  of  Charleston.  Whether 
the  deposit  is  continuous  or  not  over  the  whole  of  this  zone,  it 
oertainiy  varies  considerably  in  depth  and  thickness.  In  many  places 
it  is  3  ft.  thick  and  crops  out  at  the  surface,  whereas  in  others  it 
dwindles  down  to  a  few  inches,  or  is  found  at  depths  varying  from 
3  ft  to  20  ft.  These  two  conditions,  thickness  of  deposit  and  depth 
of  strata,  taken  together  with  the  richness  of  material  in  phosphoric 
add,  are  of  oourse  the  chief  points  for  consideration  in  the  economic 
urorking  of  Uie  beds  on  an  industrial  scale. 

In  tiie  two  kinds  of  deposits,  the  ''Biver  "  and  the  "Land,'*  the 
naterial  is  of  practically  the  same  chemical  description.  Both  have 
been  worked  extensively  and  have  proved  to  be  of  great  commercial 
Talne,  the  first  especially  so,  since  it  is  obtained  by  the  simple  and 
inexpensive  process  of  dredging,  and  is  thus  raised  and  washed  from 
all  adhering  impurities  by  one  and  the  same  operation. 

The  xoSl  and  nodules  are  found  in  very  irregular  masses  or  blocks, 
of  extremely  hard  conglomerate,  and  of  variegated  colours,  weighing 
from  less  than  ^  oz.  to  more  than  1  ton.  The  mean  specific  gravity 
of  the  material  is  2*40,  and  it  is  bored  in  all  directions  by  very  smaU 
boles.  These  holes  are  the  work  of  innumerable  Crustacea,  and  are 
BOW  filled  with  sands  and  days  of  the  overlying  strata.  Sometimes 
the  rock  is  quite  smooth  or  even  glazed,  as  if  worn  by  water ;  at  others 
it  is  rough  and  jagged. 

Interspersed  between  the  nodules  and  lumps  of  conglomerate 
are  the  fossilised  remains  of  various  species  of  fish,  and  some 
animals,  chiefly  belonging  to  the  Eocene,  Pliocene,  or  post-Pliocene 
•ges- 

Very  careful  analyses  of  a  large  number  of  the  samples  of  "  land 
rock"  taken  from  working  pits  and  made  by  Wyatt  gave,  after  being 
well  dried  at  212°  F.,  the  following  average :  Moisture,  water  of  com- 
bination, and  organic  matter  lost  on  ignition,  8  per  cent. ;  lime 
I^osphate,  59*63  per  cent. ;  lime  carbonate,  8*68  per  cent. ;  iron  and 
aluiiana(calculated  as  oxides),  6  *  6  per  cent. ;  magnesia  carbonate,  0  *  73 
per  cent.;  sulphuric  acid  and  lime  fluoride,  4*8  per  cent.;  sand, 
nliciouB  matters  and  undetermined,  11*56  per  cent. 

The  cost  of  producing  one  ton  of  •*  river  rock  "  in  dry  marketable 
wndition  is  generally  allowed  to  be  about  5*25  dels,  per  ton,  includ- 
ing 2*00  dofi.  royalty,  and,  with  a  properly  constructed  plant,  well 
nukiiaged  land  companies  with  no  royalty  to  pay,  place  their  cost  of 
production  at  about  4  dels.,  delivered  free  alongside  vessels  in 
Charleston  harbour. 
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As  a  raw  material  of  the  first  class  in  the  manafacture  of  soluble 
and  available  phosphates.  South  Carolina  rock  will  continue  to  be 
everywhere  held  in  the  highest  esteem.  In  Europe  it  is  also  veiy 
popular,  and,  being  of  unvarying  Quality,  has  yielded  results  that 
cannot  be  surpassed  by  any  other  pnosphate  as  an  all-round  staple, 
uniform,  and  reliable  article. 

No  absolute  opinion  can  be  expressed  as  to  the  probable  extent 
and  capacity  of  the  yet  untouched  or  unexploited  deposits,  but  it  may 
probably  be  safely  estimated  at  about  30  miles.  Placing  the  yield  of 
this  area  at  the  present  average  of  750  tons  to  the  acre,  we  ooncla^ion 
would  be  that  the  State  may  still  produce  about  14,000,000  tons. 

The  annual  production  of  Carolina  phosphate  is  about  400,000  io 
500,000  tons,  but  in  1892  it  fell  to  350,000.  The  selling  price  in 
foreign  markets  has  been  6<2.  per  unit,  which  was  fixed  with  tlie 
object  of  killing  competition,  while  it  entailed  a  loss  to  the  producer. 

The  existence  of  nodular  amorphous  phosphate  deposits  in  Florida 
is  not  a  matter  of  recent  discovery,  for  they  were  found  in  various 
directions  manv  years  ago,  but  were  never  believed  to  be  of  suffident 
importance  eitner  in  quantity  or  quality  to  merit  the  serious  attentioD 
of  capitalists.  The  geologiod  formation  in  which  the  deposits  occur 
has  been  very  fully  described  in  Wyatt's  *  Phosphates  of  America,'  and 
may  be  broadly  summed  up  here  as  being  composed  of: — 

1st.  Original  pockets  or  cavities  in  the  Yicksburg  limestone,  filled 
with  hard  and  soft  rock  phosphates  and  d6bris. 

2nd.  Mounds  or  beaches  rolled  up  on  the  elevated  points,  and 
chiefly  consisting  of  huge  boulders  of  phosphate  rock. 

3rd.  Driffc  or  disintegrated  rock,  covering  immense  areas,  chieflv 
in  Polk  and  HiUsboro  counties  and  underlying  Peace  Biver  and  iti 
tributaries. 

The  work  of  exploration  or  prospecting  has  now  extended  all  ovei 
the  State  in  each  of  these  varieties  of  the  formation,  and  actoa] 
exploitation  on  the  large  scale  by  regular  mining  and  hydraulici 
methods  has  been  commenced  at  various  points. 

In  several  of  the  mines,  notably  in  those  of  Marion  and  Gtrai 
counties,  there  are  immense  deposits  of  phosphatic  material,  proved  b^ 
actual  experimental  work  to  extend  in  many  cases  over  uninterrupted 
areas  of  several  acres.  The  deposits  in  each  case  have  shown  theuh 
selves  to  be  combinations  of  the  *'  original  pocket "  and  the  ''  mound "" 
formation,  and  the  superincumbent  material,  or  overburden,  u 
principallv  sand,  and  may  be  fairly  said  to  have  an  average  depUi  oi 
about  10  ft.  The  phosphate,  immediately  underlying  it,  is  sometin^f 
in  the  form  of  enormous  boulders  of  hard  rock,  cemented  togetha 
with  clay,  and  sometimes  in  the  form  of  a  white  plastic  or  frial^ 
mass  resembliuK  kaolin,  and  probably  produced  by  the  natural  di& 
integration  of  the  hard  rock  by  rolling,  attrition,  or  coucussion.  Tb< 
actual  thickness  of  the  deposits  is  too  variable  to  be  computed  witl 
any  accuracy  into  an  average,  but  it  has  been  known  to  reach  a  depti 
of  50  ft.,  and  a  little  over  2  acres  only  has  yielded  more  than  20,0t>' 
tons  of  good  ore,  without  signs  of  exhaustion.  Directly  outsdde  of  tl» 
limits  of  these  combined  "  pockety "  and  "  mound "  tormations,  tb* 
deposits  of  phosphate  seem  to  abruptly  terminate,  and  to  give  placv 
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to  an  unimportant  drift,  which  sometimes  crops  ont  at  the  surface,  and 
which  may  he  followed  in  all  directions  over  the  immediate  vicinity 
without  leading  to  another  pocket  of  exploitable  value. 

The  same  geological  phenomena  are  prevalent  in  nearly  every 
section  of  the  country,  with  the  exceptions  of  Polk  and  Hillsboro 
coimties,  where  they  are  somewhat  modified.  We  are,  therefore, 
warranted  in  declaring  that  the  Florida  phosphates  of  high  grade 
occur  in  beds  of  an  essentially  pockety,  extremely  capricious,  uneven 
and  deceptive  nature. 

Sometimes  the  pockets  will  develop  into  deep  quarries,  and  will 
probably  yield  large  quantities  of  various  merchantable  qualities. 
At  other  times  they  will  be  entirely  superficial,  or  will  contain  the 
phosphate  in  such  a  mixed  condition  as  to  render  profitable  exploi- 
tation impossible. 

In  the  case  of  the  "  pebble "  or  *•  drift "  deposits  this  capridous- 
neasis  much  less  marked ;  in  fact  an  unusual  degree  of  r^ularity  may 
be  flaid  to  characterise  their  occurrence  in  the  extensive  area  in  which 
they  have  been  found,  and  which  may  be  roughly  said  to  take  its 
point  of  departure  in  Polk  county,  a  little  to  the  south  of  Bartow,  and 
thence  to  practically  continue  with  a  gradually  narrowing  tendency 
to  within  a  very  short  range  of  Charlotte  Harbour.  The  country  is 
flat  and  swampy,  and  is  intersected  at  frequent  intervals  by  the 
Alafia,  Manatee,  Peace,  and  others  rivers,  rivulets,  and  streams. 

Pit-sinking  is  now  going  on  over  a  wide  area,  and  it  has  been 
practically  demonstrated  that  this  section  of  Florida  is  more  or  less 
underlaid  with  a  nodular  phosphate  stratum  of  a  thickness  varying 
from  a  few  inches  to  30  ft.,  and  covered  by  an  overburden  that  may 
be  fiurly  averaged  at  about  8  ft 

The  actual  chief  working  centre  for  **  pebble  "  phosphates  is  Peace 
Biver,  which  rises  in  the  l^igl^  Iftke  lands  of  Polk  county  and  flows 
rapidly  southward  into  tiie  Gulf  of  Mexico.  Its  course  is  extremely 
irregular,  and  its  bottom  is  a  constant  succession  of  shallows  and  deep 
basins.  Lakes  Tsala-Opopka  and  ChilHcohatchee  and  Pains  and 
Whidden  creeks  are  its  chief  tributaries  and  the  main  sources  of  its 
phosphate  deposits,  the  pebbles  being  washed  out  from  their  banks 
and  borne  along  their  beds  by  the  torrential  summer  rains. 

Prof.  Cox  ascribes  the  Florida  phosphate  deposits  to  the  minerali- 
sation of  ancient  guano.  They  occur  in  much-weathered  Eocene 
limestone,  filling  the  numerous  potholes.  The  sand  which  forms  the 
overburden,  covering  almost  the  entire  peninsula  of  Florida,  has,  in 
Cox's  opinion,  been  blown  over  from  the  sea  beaches. 

The  pebbles,  when  freed  ft'om  impurities  and  dried,  are  of  a  dark 
blue  colour  and  are  hard  and  smooth,  varying  in  size  from  a  grain  of 
rice  to  about  1  in.  diam.  Their  origin  is  mainly  organic,  and  they 
are  intimately  mixed  up  with  the  bones  and  teeth  of  numerous  extinct 
spedee  of  animals,  birds,  and  fish. 

The  river  deposits  are  said  to  all  proceed  from  the  banks  of  "  drift," 
fiitnated  on  the  higher  lands  in  Polk  county,  the  pebbles  being  all  of 
the  same  size,  and  differing  only  in  that  ^ose  of  the  land  are  of  a 
lighter  colour,  and  imbedded  in  a  matrix  of  sand  and  clay,  to  which 
they  frequently  bear  the  proportion  of  about  20  per  cent  by  weight. 
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The  chemical  compoeitioii  of  Florida  phosphates  and  more  especi- 
ally of  those  known  as  *'  hard  rock "  or  ''  boulder,"  is  irregular  and 
variable.  Nor  is  the  physical  aspect  any  more  uniform,  for  while  in 
some  regions  it  is  pOTfectly  white,  in  others  it  is  blue,  yellow,  or 
brown.  In  many  instances  it  is  practically  free  from  iron  and 
alumina,  but  in  some  districts  it  is  heavily  loaded  with  these  com- 
mercially objectionable  constituents.  A  large  proportion  of  the  land 
rock  is  very  soft  when  damp,  but  becomes  perfectly  hard  when  dried. 

The  following  average  analyses  by  Wyatt  are  presented  for  the 
purpose  of  generally  illustrating  the  composition  of  Florida  phos- 
phates : — 


Boulders,   oarefoUy  seleoted   andl 

cleaned  (120  samples)  ..  ../ 
Boulders  and  debris,  as  mined  (237) 

samples)       ..      j 

Soft  white  phosphate  (148  sampl^) 
Pebble  from  Peace  Biver,  as  markO 

eted  (84  Bamples)        j 

Pebble  and  drirt  beds,  Polk  connty,! 

washed  and  dried  (92  samples) . .  / 


PboephAte 
of  lime. 


percent. 
80*49 

74-90 
6515 
61-75 

67-25 


Oiidesof 
Iron  end 
Alomlna. 


percent. 
2-25 

419 
9*20 
2-90 

300 


SUicaeod 
SUkatee. 


p«oeiit 
4-20 

9-25 

5-47 

14*20 

10-40 


Gertiaok 


per«efl(L 
2-10 

1-90 
4-27 
3-60 

1-70 


In  mining  the  hard  rock  or  high-grade  boulder  deposits,  careful 
selection  of  the  different  qualities  and  accurate  sampling  and  analysn 
of  the  different  piles  before  shipment  are  essential.  There  is  at  present 
no  remunerative  market  in  America  for  the  richest  grades,  and  it  k 
therefore  probable  tbat  for  some  time  to  come  the  major  pcrtion  will 
be  exported. 

Foreign  buyers  will  make  no  contracts  for  raw  material  containing 
a  higher  maximum  than  3  per  cent,  of  oxides  of  iron  and  alumina,  ana 
shipments  must  be  made  within  this  limit  by  miners  who  would 
establish  a  good  reputation.  This  necessitates  great  experience  and 
perfect  harmony  between  the  miners  and  chemist. 

The  most  rational  plan  is  to  first  crush  the  rock  to  a  suitable  sizv 
as  it  comes  from  the  mine,  say,  1^  in.,  next  to  pass  it  through  washeifl 
and  screens,  and  finally  diy  it  by  hot  air,  avoiding  direct  contact  witli 
fire.  The  cost  of  production  under  these  conditions  averages  aboul 
5  dols.  per  ton,  delivered  on  the  cars.  The  actual  selling  price  fai 
Florida  phosphates,  both  '*  hard  rock  "  and  **  pebble,"  in  good  market- 
able condition,  that  is  to  say  with  no  more  than  1  per  cent,  of  moistun 
and  a  guaranteed  maximum  of  3  per  cent,  of  the  combined  oxides  oi 
iron  and  alumina,  is  about  4j^.  per  unit  delivered  free  on  board  can 
at  the  mines.  The  prices  paid  at  the  end  of  1891,  for  Florida  phos- 
phate delivered  f o.b.,  were  6  dols.  (25f.)  a  ton  for  pebble  of  60-65  pei 
cent,  and  9  dols.  (37«.  6d.)  for  hard  rook  of  75-80  per  cent. 

Where  the  deposits  liave  been  denuded  or  come  directly  to  the 
surface,  it  is  easy  to  collect  the  nodules,  and  by  a  slight  washing  from 
adhering  sand  to  prepare  them  for  the  market.     But  where  the  layo^ 
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roiks  deeper,  a  great  quantity  of  saperinonmbeiit  earth  has  to  be 
thrown  aside,  often  as  much  as  6  ft.  in  depth.  If  excavation  were 
not  then  systematically  conducted  all  profit  would  be  soon  absorbed 
by  too  much  handling  of  the  bulky  material.  Fortunately  the  level 
Datura  of  the  country  (there  is  scarcely  an  elevation  of  more  than 
30  ft  in  the  whole  region)  allows  the  easy  laying  of  tramroads  into 
the  midst  of  the  fields  or  woods  where  mining  is  done.  In  open  fields 
this  is  a  regular  and  simple  matter  when  aU  other  conditions  are 
favourable ;  but  when  the  rock  lies  too  deep,  or  not  at  uniform  depths, 
or  is  not  thick  enough,  nor  rich  enough,  nor  near  enough  to  trans- 
portation, the  problem  becomes  more  complicated.  It  costs  about  1  dol. 
('k.  2<L)  a  ton  to  mine.  Pits  6  by  12  ft.  are  dug  to  the  rock,  which 
is  then  carefully  laid  aside.  The  usual  price  is  25  cents  (12^.)  per 
vertical  foot  removed.  Transportation  and  washing  cost  about  1  doL, 
and  all  other  expenses  of  handling,  drying,  storing,  &c.,  1  dol.  more, 
making  the  total  cost  of  rock,  clean,  dry,  and  ready  ^r  shipment,  from 
3  to  4  dols.  a  ton  (of  2240  lb.).  Good  lands  yield  500  tons  of  cleaned 
rock  per  acre.  The  average  now  mined  gives  700  tons,  although 
some  spots  have  turned  out  1500  tons  per  acre. 

Where  all  conditions  are  favourable,  the  following  regulation 
system  of  mining  is  adopted :  A  main  trunk  line  leading  irom  the 
washers  (which  may  be  miles  away)  is  laid,  dividing  the  rock  field 
into  equal  parts  on  both  sides  of  it.  Alternate  laterals  curve  out  and 
nm  at  right  angles  to  the  main  track  as  far  as  the  boundaries  of  the 
designated  field,  but  conforming  to  the  intermediate  ground.  The 
laterals  are  600  ft.  apart,  and  the  space  between  any  two  of  them  is 
rabdivided  by  a  line  ditch  perallel  to  and  midway  between  them.  At 
this  ditch  two  sets  of  workmen  start  their  lines  in  opposite  directions 
and  at  right  angles  to  the  laterals.  This  gives  each  man  a  space  of 
300  ft.  long  and  12  ft.  wide  to  excavate.  Over  this  path  he  wheels 
bis  *'  stratum  "  in  barrows  to  his  portion  of  a  platform  running  at  the 
side  of  the  road.  Here  his  work  js  sharply  scrutinised  by  a  foreman 
before  it  is  loaded  on  the  cars  for  the  washer.  This  material  furnishes 
about  one-third  in  weight  of  clean  washed  rock.  When  mining  is 
carried  on  in  wooded  land  it  is  difficult  to  keep  the  lines  straight. 
Trees  are  undercut  with  mattocks  and  thrown  behind  upon  the  high 
ground,  the  rock  being  picked  out  from  between  the  roots.  Dynamite 
might  here  be  used  with  advantage.  The  only  tools  employed  are 
spades,  shovels,  and  picks. 

In  undrained  territory  or  old  rioe  fields  where  the  alluvial  character 
of  the  soil  makes  deep  ditching  impossible,  steam  pumps  are  employed. 
Where  their  use  is  difficult,  or  where  the  water-level  is  above  a  quick- 
sand stratum  frequently  found  just  upon  the  rock  layer,  a  struggle 
ensues  between  water  and  workman.  The  single  pit  system  is  then 
used,  each  pit  being  banked  against  the  adjoining  one.  This  method 
is  often  employed  in  marshes  which  are  below  the  level  of  tide-water. 
There  is  room  for  improvement  in  the  methods  at  some  mines,  where 
previous  thorough  drainage  would  save  rock  and  labour,  and  allow  of 
operations  being  carried  on  in  wet  and  cold  weather. 

From  the  mines  the  rock  is  carried  to  the  washers  in  trains  of 
dumping  cars  holding  about  3]^  tons  each.     The  washers  are  always 
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located  near  deep  streams,  if  possible,  for  the  sake  of  easy  shipment, 
and  to  get  an  inexhaustible  supply  of  water,  and  in  some  oases  to 
allow  of  the  escape  of  the  immense  amount  of  debris  carried  off  in 
washing.  They  are  raised  20  to  30  ft.  above  the  level  of  the  ground. 
The  oars  are  hauled  up  inclines  about  100  ft.  long,  and  the  oontente 
are  giudually  dumped  into  cylindrical  breakers  armed  with  replace- 
able  steel  teeth.  The  rock  is  crushed  into  pieces  about  the  size  of  the 
fist,  and  falls  into  half-circular  troughs  25  ft.  lone,  resting  in  frame- 
work set  at  an  incline  of  18  in.  rise  in  their  length.  In  each  trough 
is  an  octagonal  shaft,  also  cased  with  iron,  and  set  with  blades  dis- 
tributed idong  each  face  in  such  a  way  as  to  form  a  screw  system  with 
a  twist  of  1  ft.  in  6.  These  teeth  force  the  rock  uphill,  while 
tumbling  the  fragments  about  against  each  other.  A  heavy  stream 
of  water,  drawn  from  the  river  by  steam  or  centrifugal  pumpe,  poors 
into  the  trough  and  overflows  at  the  higher  end  near  where  it  enters. 
On  issuing  from  the  water  the  rock  is  pushed  out  upon  a  screen  of 
J-in.  mesh.    The  fine  rock  is  further  si^  on  oscillating  wire  tables. 

The  washers  are  generally  in  pairs,  and  each  can  turn  oat  40  to 
50  tons  of  clean  rock  in  10  hours.  The  loss  by  abrasion  and  by  clay 
adhering  to  the  rock  varies  from  50  to  60  per  cent.  Much  of  the 
debris  consists  of  gravel,  but  a  considerable  part  of  the  soft  phosphate 
from  the  stratum  and  abraded  from  the  rock  is  sluiced  off.  This 
enormous  waste  could  be  prevented  by  settling  tanks,  and  efibrts 
should  be  made  to  save  this  mud,  which  may  be  at  least  as  valuable 
as  the  rock  itself.  The  solid  portion  of  the  dump  is  flowed  upon 
adjoining  marshes,  or  is  allowed  to  run  directly  into  the  river. 

Nearly  all  the  moisture  expelled  from  the  phosphate  rock  by 
heating  (1  to  15  per  cent.)  is  water  absorbed  in  washing.  It  is  very 
desirable,  for  obvious  reasons,  to  get  rid  of  it  before  shipment.  About 
one-half  of  the  rock  mined  is  air-dried.  Drying  in  the  open  air,  how- 
ever, is  uncertain  and  unsatisfactory,  as  even  the  hottest  summer 
weather,  owing  to  the  hygroscopic  character  of  the  porous  rock,  will 
not  evaporate  all  the  water,  1  to  4  per  cent,  remaining,  as  the  sur£Ekee 
only  of  the  pile  dries  out  completely.  In  f)BU)t,  the  rock  heap  acts  like 
soil,  which  always  contains  abundant  moisture  a  few  inches  below  the 
surface.  The  advantages  of  thorough  drying  are  now  recognised  by 
both  consumer  and  producer,  and  all  rock  is  kiln-dried  before  it  leaves 
the  mine  works.  Burning  was  sometimes  employed,  the  rock  being 
built  up  on  layers  of  pine  wood,  the  organic  matter  of  the  rock  assist- 
ing considerably  in  the  combustion.  This  crude  method  sintered  the 
porous  mass,  and  was  more  costly  than  a  drying-shed. 

A  modem  drying  plant  consists  of  a  Startevant  blower  revolving 
2000  times  a  minute,  and  drawing  air  through  a  wood-burning 
furnace.  The  heated  products  of  combustion  are  carried  through  a 
large  brick  flue  100  ft  lone,  and  pass  through  regulating  dampers  to 
any  or  all  of  the  drying  bins,  as  may  be  desired,  by  means  of  curved 
elbow  pipes  debouching  into  the  perforated  cast-iron  sectional  pipes 
through  which  the  heated  gases  are  driven. 

The  following  is  the  method  of  arranging  a  drying  bin.  A  bed 
of  rock  18  in.  thick  is  laid  on  a  solid  brick  floor,  intersected  at  intervals 
of  10  ft.  by  open  drains,  intended  to  allow  the  excess  of  water  collected 
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mwashing  to  flow  away  before  the  hot  air  is  applied.  Perforated 
sectional  pipe  mns  from  each  opening  to  the  branching  pipe  elbows 
whioh  are  inserted  in  the  flues.  Parallel  rows  of  these  sectional  pipes 
are  Lud  2  ft.  apart.  There  are  16  lines  of  pipe  in  each  drying-honse. 
The  rock  is  damped  from  platforms  above  directly  on  the  levelled 
pipe,  to  a  height  of  10  ft.  The  sheds  are  100  by  400  ft.  They 
oimtain  each  about  1300  tons  of  dried  rock,  which  is  never  handled 
again  nntil  loaded  in  vessels  directly  at  the  wharf,  which  touches  the 
sheds. 

Powerful  "dipper"  dredges  are  used  for  mining  rock  in  deep 
water.  They  differ  but  little  in  construction  from  ordinary  harbour 
dredges.  Their  lifting  capacity  is  about  100  tons  per  diem.  The 
rock  is  picked  over  to  remove  marl  and  oyster  shells,  and  is  then 
cracked  and  washed  in  appropriate  apparatus. 

"Grappler"  dredges  are  preferably  employed  in  Stono  River, 
where  the  rock  is  so  firmly  imbedded  as  to  render  the  "dipper" 
dredge  of  little  value.  These  "  grapplers  "  weigh  about  5  tons  each, 
and  have  8  claws  closed  by  elliptic  steel  springs,  each  with  a  tension  of 
14,000  lb.,  but  normally,  they  are  closed  with  800  lb.  pressure.  They 
surround  a  central  heavy  steel  drop-chisel  for  breaking  the  stratum. 
There  is  such  an  enormous  strain  on  the  teeth  of  this  instrument  that 
Mxasionally  they  break.  An  arrangement  with  replaceable  teeth 
iToids  this  trouble.  The  "  tube  "  dredge  is  of  novel  construction.  It 
»)Qfiist8of  an  iron  tube  18  in.  diam.  and  45  ft.  long,  with  a  jet  arrange- 
Doent  for  producing  an  upward  current  of  water  in  the  tube,  supplied 
by  two  large  expanding  low-pressure  pumps.  These  pumps  discharge 
through  4  orifices  in  the  inner  surface  of  the  tube,  and  induce  an 
ipward  current  of  about  20  ft.  a  second,  with  a  lifting  capacity  of 
i  IM*r  sq.  in. 

The  "  grapplers "  are  lowered  by  chains,  and  it  is  claimed  they 
an  work  in  50  ft.  of  water — an  immense  advantage  over  the  "  dipper," 
rhidi  ceases  to  be  efficient  in  water  over  20  ft.  deep. 

At  the  same  period,  the  average  cost  of  winning  both  these  grades 
^d  putting  them  free  on  board  cars  at  the  mines  was : — 

For  the  pebble  phosphate $2*75  (lit.  5<2.)  per  ton. 

Fur  the  haid  rook      „      5-00  (20«.  lOd.)      „ 

Sxsct  figures  from  the  books  of  three  of  the  largest  producers  of 
hard  rw>k,"  and  detailed  statements  of  actual  cost  f^om  two  large 
ehble-miners,  show  that  23,000  tons  of  the  former,  value  77  per  cent., 
lined,  partiallv  washed,  dried,  and  loaded  on  cars  at  the  mines, 
Qcloding  superintendent's  and  chemist's  salary,  but  without  counting 
Qterest  on  capital  or  allowing  for  expenses  of  management,  cost 
•23  doL  (17#.  7d.')  per  ton ;  and  7000  tons  of  the  latter,  average  65  per 
ent,  mined,  washed,  dried,  sifted,  and  loaded  on  cars  or  scows  at  the 
lines,  including  management,  but  without  counting  interest  on 
apital  invested  in  lands  and  in  plant,  cost  2*80  dol.  (8«.  842.). 

The  phosphate  seams  in  Hickman  County,  Tennessee,  occur  as 
egnlar  veins  underlying  a  black  shale  (Chattanooga  shale)  of 
)eTonian  age.  They  lie  simost  flat,  running  in  under  the  shale  like  a 
cjsl  seam,  but  of  such  colour  and  texture  as  to  render  them  easily 
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distinguishable  from  ooal  on  inspection,  though  bearing  some  saper- 
fioial  resemblanoe. 

The  rock  is  of  at  least  three  different  colours,  and  of  three  diffident 
textures : — 

1.  Blue-black,  fine  grained,  dull  looking;  filled  with  rounded 
nodules,  some  of  them  extremely  small ;  shades  off  into  greyish  black, 
and  sometimes  falls  to  pieces  on  exposure. 

2.  Yellowish  brown,  coarse  or  fine  grained ;  inclosing  a  centre  of 
blue-black  or  greyish  black;  exterior  portion  often  beautifully 
stratified,  and  around  the  black  core  is  a  band  of  light  grey. 

3.  Light  grey ;  full  of  impressions  of  shells,  and  resembling  a 
piece  of  air-dried  coquina. 

The  maximum  thickness  of  phosphate  rock  observed  by  Dr.  W. 
B.  Phillips  *  was  40  in.,  black  shale  above  and  greyish-blue  limestooe 
beneath. 

There  is  a  persistent  seam  of  greyish-black,  coarse  or  fine  grained 
phosphate  rock  underlying  the  bls^k  shale,  12  to  24  in.  thick  in  pkces, 
carrying  20  to  30  per  cent,  of  phosphoric  acid,  with  2  to  4  per  cent 
of  alumina,  but  it  cannot  be  profitably  mined,  unless  it  should  possibly 
increase  in  width  under  cover. 

The  black  shale  above  the  phosphate  is  30  in.  to  30  ft.  thick,  beog 
everywhere  capped  by  what  is  known  as  the  Harpeth  shale,  a  knarled, 
bluish-grey  rock,  varying  in  thickness  finom  3  or  4  to  200  ft.  Be- 
tween this  shale  and  the  black  shale  there  is  a  persistent  stratum  d 
phosphatic  nodules,  rounded  and  of  the  most  diverse  shapes,  Ind 
rarely  more  than  6  in.  thick.  These  nodules  are  imbedded  in  i 
bluish-green  matrix  and  contain  28  to  34  per  cent,  of  phosphan 
acid.  They  would  make  an  excellent  material  for  the  manu&ctare 
of  acidulated  phosphate  if  it  were  possible  to  mine  them,  but  t 
is  not. 

As  to  the  composition  of  the  rock,  Phillips  ^ves  some  analyses  ot 
workable  seams,  which  were  sampled  by  him  in  person  from  top  ti 
bottom : — 


I. 

n. 

UL 

Top  to  Bottom  of  IL 

12  in. 

Tin. 

Bin. 

ein. 

4m. 

p.c. 

p.c. 

p.c 

p.c 

P-t 

Iron  oxide     .. 

314 

4-96 

2-32 

0-42 

5-94 

6-92 

6-26 

5a 

Phoephorio  acid 

28-27 

29-84 

29-81 

30-J9 

26-74 

29-26 

31-94 

31  *« 

Insol.  matter.. 

13-24 

10-81 

6-40 

9-80 

14-18 

13-90 

8-64 

751 

Alumina 

2-71 

2-93 

4-00 

300 

2-79 

706 

1-74 

o-« 

Lime     ..     .. 

40-50 

36-96 

43-60 

39-50 

36-20 

29-60 

88-20 

41 -a 

Sulphur 
Carbonic  acid 

2-80 

,, 

4-00 

115 

.. 

1-50 

Moisture 

0-50 

0-48 

0-20 

0-60 

0-40 

0-50 

0-60 

OS 

1 

Nearly  all  the  samples  show  a  considerable  amount  of  finoriBi 
and  all  contain  sulphnr,  from  the  pyrite  inclosed.     The  contents 
carbonic  acid  has  not  exceeded  3  per  cent,  while  the  average  is 
2  per  cent. 

*  Eng.  and  Min.  JL 
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The  presence  of  pyrite,  sometimes  in  pieces  ^  in.  across,  and  dis- 
tributed irregalarlj  tjirongh  the  phosphatic  rock,  is  characteristic  of 
^e  black  phosphate.  It  occurs  also  in  the  black  shale,  and  the 
solpbates  of  iron  and  alumina  resulting  from  the  action  of  the 
snlphnric  add  (derived  by  atmospheric  oxidation  of  the  pjrite)  upon 
the  Bbale  can  be  seen  enorustine  the  shale  at  several  localities. 
Several  years  ago  Dr.  Phillips  made  experiments  with  a  crude  phos- 
phate containing  considerable  quantities  of  iron  and  alumina,  to 
asoertain  if  the  phosphoric  acid  could  be  rendered  available,  without 
treatment  with  sulphuric  acid  in  the  ordinary  manner.  By  roasting 
the  finely  ground  rock  with  from  3  to  5  per  cent,  of  sulphur  a  satis- 
^ctoiy  yield  of  "  available "  phosphate  was  obtained.  There  is  no 
doabt  but  that  this  method  could  be  applied  to  a  sulphurous  phosphate, 
if  at  any  time  the  alumina  should  become  objectionable.  As  long, 
however,  as  it  keeps  below  4  per  cent,  it  will  not  seriously  interfere 
with  the  treatment  of  the  rock  in  the  usual  way. 

Canada  produces  large  quantities  of  a  phosphatic  mineral  called 
"apatite,"  which  is  derived  from  veins  in  the  primitive  rocks.  It  is 
remarkable  for  containing  calcium  chloride  and  much  fluoride,  but  no 
i^bonate.  The  phosphate-bearing  district  is  not  extensive.  Taking 
the  dty  of  Ottawa  as  a  base,  a  glance  at  the  map  will  show  a  section 
)f  ooontry  north  of  that  point,  lying  between  two  large  tributaries  of 
the  Ottawa  river,  which  flow  southward  through  the  Laurentian 
Siila,  named  respectively  the  Gatineau  and  the  Lievre.  This  section, 
nth  a  belt  of  4  or  5  miles  in  width  east  and  west  of  each  of  these 
iven,  is  the  true  phosphate  country;  beyond  this  the  mineral  is 
kpparently  wanting,  and  here  it  is  where  mining  is  carried  on. 

The  rocks  of  the  mountain  range  that  traverses  this  district  are 
omposed  of  pyroxene,  representing  the  so-called  "  spotted  gabbro  "  of 
Norway,  intermixed  with  quartzite,  orthoclase,  mica,  gneiss,  and 
rTstaUine  limestone.  The  phosphate  itself  varies  much,  according 
0  locality.  It  is  found  in  crystals  sometimes  of  large  dimensions ;  in 
A^^sses,  varying  from  compact  to  coarse  granular;  in  strata  of  a 
imellar  texture,  and  in  a  friable  form.  The  latter  is  very  abundant, 
nd  is  known  as  **  sugar  phosphate,"  often  so  decomposed  as  to  take 
he  appearance  of  pure  sand,  soft  enough  to  be  dug  out.  The  colours 
f  the  phcepbate  are  very  varied,  consisting  of  green  of  different 
bades,  blue,  red,  and  brown  of  all  shades,  yellow,  white,  and  cream 
:>]oured.  Occasionally  beautiful  crystals  are  met  with,  large  and 
erfect  at  both  ends,  and  enveloped  in  calc  spar,  or  occasionally  a 
rosy  cavity  is  struck,  known  in  miners'  parlance  as  a  "  vug,"  con- 
unine  sometimes  one  large  or  a  number  of  small  independent 
rystak  8h(  oting  from  the  sides,  or  standing  erect  in  the  cavity.  In 
oe  of  the  mines  on  the  Lievre,  crystals  of  a  gigantic  size  have  been 
let  with,  some  weighing  individually  as  much  as  1000  lb. 

Professor  Harrington,  of  the  Geological  Survey  stafif,  says  as  a 
lie  the  apatite-bearing  veins  of  the  Ottawa  region  are  characterised 
ktber  by  a  want  of  regularity  or  order  in  the  arrangement  of  their 
nvstituents  than  by  any  degree  of  symmetry.  Veins  with  sharply 
sfined  widls,  as  in  metalliferous  lodes,  are  rarely  seen,  the  vein  and 
'Untry  rock  merging  into  each  other.    Dana  says  such  a  blending  of 
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a  yein  with  the  walls  is  a  natural  result  when  its  formation  in  a 
fissure  takes  plaoe  at  a  high  temperature  during  the  orystallisation  of 
the  containing  rock.  Dr.  Sterry  Hunt,  who  nas  made  Laurentian 
rocks  his  study  for  upward  of  30  years,  regards  many  of  the  apatite 
veins  as  fissures  or  cavities  which  have  been  filled  by  the  deposition 
of  materials  derived  from  the  adjacent  strata.  One  striking  featnie 
developed  in  this  mining  is  the  great  irregularity  of  the  depositB; 
but  taking  into  consideration  the  extremely  disturbed  character  of 
the  Laurentian  rocks,  this  is  not  to  be  wondered  at. 

At  the  North  Star  Mine,  with  a  view  to  testing  the  depth  of  tbe 
deposits,  a  test  shaft  was  sunk  where  the  vein  on  the  surface  was  not 
more  than  3  or  4  in.  wide ;  the  shaft  was  proceeded  with  till,  at  a 
depth  of  30  ft.,  the  vein  increased  to  a  width  of  2  ft.,  ranging  after 
that  from  1  to  4  ft.  till  a  depth  of  80  ft.  was  attained.  Here  tbe 
phosphate  almost  disappeared,  but  at  a  depth  of  120  ft.  a  vein  1  ft 
wide  was  reached,  which  gradually  kept  on  increasing.  At  a  deptli 
of  166  ft.  a  body  of  phosphate  was  penetrated  occupying  the  whole 
width  of  the  shaft.  Sinking  was  still  continued,  and  now,  at  a  depth 
of  266  ft,  the  entire  floor  and  sides  are  pure  phosphate,  and  a  drift 
run  for  some  distance  at  the  200  ft.  level  shows  solid  ore. 

In  addition  to  the  yield  of  pure  phosphate  in  large  masses,  it  OfXAr 
sionally  happens  that  large  quantities  of  it  are  mixed  with  mica, 
pyroxene,  and  other  foreign  substances,  and  if  shipped  in  that  state 
the  value  of  the  whole  cargo  would  be  materially  deteriorated.  To 
get  rid  of  this  extraneous  matter  a  process  known  as  **  cobbing*"  i) 
resorted  to,  which  consists  in  the  separation  by  hammers  of  the  ore 
from  its  matrix,  an  easy  operation,  owing  to  the  more  friable  conditios 
and  softness  of  the  phosphate  as  compared  with  the  intrusive  mate- 
rials. This  is  done  in  a  hut  or  oobbing-house,  on  solid  tables  ca 
stands.  On  one  side  of  the  building  are  tramcars  or  wagons,  intc 
which  the  refuse  is  thrown  as  broken  ofi^  while  the  phosphate  thxie 
cleaned  is  thrown  into  another  receptacle  on  the  other  side.  Boji 
and  old  men  are  employed  at  this  work,  which  no  machinery  has  ye< 
been  found  adapted  to  perform.  In  spite  of  every  care  used,  Isjgi 
quantities  of  phosphate  are  thrown  aside  at  present  which,  with  ai 
improved  system,  may  yet  prove  of  value. 

The  composition  of  Canadian  phosphate  varies  as  follows : — 

Percent 

Phosphoric  acid      80*84  to  41*54 

Lime..       42*72  „  54*74 

Alumina  and  iron  oxides  and  flaorine . .      3  *  03  „   13  *  32 

Insoluhle  silioioas  matter      *  59  „  13*50 

Trihaaic  phosphate  of  lime 67-32  „  90*68 

Competition  between  South  Carolina  and  Florida  low-grade  phoi 
phate  has  practically  killed  Canadian  seconds,  and  the  only  marke 
now  left  open  for  the  70  per  cent,  grado  is  in  Chicago  and  the  Wester 
States.  ^  sale  of  1000  tons  for  Chicago  was  recently  made  at  6*3 
dol.  per  ton  for  ground  65  per  cent,  in  bags,  free  on  board  4 
Buckingham,  P.  Q. 

The  cost  of  production  of  Canadian  phosphate  is  estimated  at  aboi 
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12  dol.  per  ton  of  2240  lb.,  free  on  board  ship  at  Montreal.  The 
selling  prioee  in  1892  ranged  from  13  to  14*50  doL  per  ton. 

Norw^ian  apatite  dif^rs  from  Canadian  in  containing  no  oalcinm 
fluoride.    Sometimes  the  oalcinm  chloride  exceeds  4  per  cent. 

From  apatites  alone  it  is  diffionlt  to  make  a  dry  and  powdeiy 
superphosphate,  but  by  mixing  them  with  lower  grade  phosphatic 
mineralB  carrying  lime  carbonate  a  good  result  is  attained. 

Phosphatic  gnanos  from  the  West  Indies  and  other  islands  are  less 
abundant  now  3ian  formerly. 

Sombrero  rock  or  crust  guano  was  at  one  time  largely  imported 
into  England.  It  is  quarried  on  Sombrero,  an  islet  about  2]^  miles 
kmg,  }  mile  wide,  and  not  more  than  20  or  30  ft.  above  the  level  of 
the  sea ;  it  is  entirely  composed  of  €his  phosphatic  substance.  Frag- 
ments of  bones  are  found  in  the  rock,  and  it  is  supposed  to  be  a  breccia 
of  bones  of  turtles  and  other  marine  vertebrata,  coral  debris,  &o,^ 
collected  before  the  elevation  of  the  islet  above  the  water,  and 
cemented  together  since  by  the  droppings  of  birds  carried  down 
through  the  mass  b^  raius.  It  varies  in  colour  and  texture,  some 
being  porous  and  friable,  whilst  other  specimens  are  dense  and  com- 
pact. JLater  importations  contained  less  iron  and  alumina  and  more 
time  carbonate  than  formerly,  and  from  this  it  is  inferred  that  the 
rook  (then  worked  from  under  the  sea)  is  mined  in  close  proximity  to 
the  OOTal  rock  on  whioh  it  rests.    Analyses  of  Sombrero  guano  show : — 

Percent 

Triphosphate  of  lime         69  to  76 

GarboDateoflime       2  „  16 

Iron  and  alumina        4  .,  10 

Fluoride  of  caloimn 1},,     1} 

Inaolvble  matter 1  *>    2 

When  Sombrero  euano  is  dissolved  by  itself,  it  makes  a  high  grade 
superphosphate  of  a  light  yellow  colour. 

Navassa  guano,  from  tne  coral  island  of  that  name  in  the  Carib- 
bean Sea,  is  of  a  reddish-brown  colour,  and  consists  of  globular  grains 
of  phosphate  of  lime,  cemented  into  hard  masses,  ana  contaminated 
with  a  good  deal  of  iron  and  alumina.  It  is  found  chiefly  in  the 
cavities  of  the  rocks  which  form  the  framework  of  the  island.  It 
contains : — 

Percent. 

Triphosphate  of  lime 55  to  70 

Oaitonate  of  lime        4  „     6 

Oxidet  of  iron  and  alomina       15  „  18 

Iron  and  alnmina  (as  phoaphatea) 8  „  10 

Fluoride  of  ealoimn     1   „     2 

Insoluble  matter 4  „     5 

'\  Superphosphate  of  lime,  when  made  from  Navassa  alone,  is  ex- 
sediogly  hard  and  tough,  and  proportionately  low  in  strength. 

Cura^oa  and  Maiden  Islands  both  furnish  guanos  in  which  the 
hos^iate  of  lime  is  in  an  unmineralised  state,  and  in  a  fine  state  of 
Ivision ;  they  contain  but  little  carbonate  of  lime,  and  are  almost 

\  from  oxide  of  iron,  alumina,  and  siliceous  matter.  They  range  in 
Bality  from  65  to  80  per  cent,  of  tribasic  phosphate  of  lime,  the 
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avera(2:e  being  about  70  per  cent.  The  lower  quaUties  are,  boweyer, 
almost  as  yaluable  proportionately  as  the  higher,  in  conseqnenoe  of 
there  being  no  oxide  of  iron,  &a,  to  deteriorate  the  product,  as  id  the 
case  of  most  of  die  inferior  phosphates,  and  they  are  capable  of  yielding 
superphosphates  of  high  quality. 

Numerous  other  phosphatic  deposits  deserve  mention. 

The  Ayes  Islands,  off  the  coast  of  Venezuela,  contain  immeDfie 
beds  of  guano,  affordii^  over  88  per  cent  phosphoric  add. 

Coprolite  beds  at  Stnta  Mana  di  Leuoa,  Southern  Italy,  afford 
85  per  cent,  of  calcium  phosphate. 

Kata  Islands  (Brazil;  phosphates  yield : — 

Per  cent. 

Phosphorio  acid 26  to  33 

Lime      26  „  37 

Iron  oxide 7  ^  ^^ 

Alnminw. •       ..        9    ,»    12 

In  the  Grellivara  district  of  Northern  Sweden  apatite  is  foimd 
intimately  associated  with  magnetic  iron  (»:e,  in  proportions  vaiyifig 
from  10  to  60  per  cent.,  but  its  separation  is  a  difficult  problem. 

Near  Taplow,  two  bands  of  phosphatic  chalk  have  recently  been 
found  overlying  ordinary  white  flintless  chalk.  The  proportion  of 
phosphate  of  lime  present  varies  between  18  and  85  per  cent. 

Tunis  and  Algeria  are  reported  as  containing  an  enormous  deposit 
of  phosphatic  mineral  lying  in  Eocene  limestone  beds,  and  estimated  to 
have  10,000,000  tons  of  60  per  cent,  phosphate  in  sight.  This  phos- 
phate contains  less  than  1  per  cent,  of  iron  and  alumina,  and  very 
little  silica. 

The  yearly  consumption  of  phosphatic  minerals  in  the  manufac- 
ture of  urtiflcial  fertilisers  is  computed  at  1^  to  2  million  tons. 
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PIGMENTS. 

The  term  "pigments"  properly  includes  all  oolourin^  matters  nsed 
fo  the  preparation  of  paint,  bnt  in  this  instance  it  is  restricted  to 
those  whion  are  derived  naturally  from  the  mineral  kin^om.  They 
ue  few  in  number,  but  important  on  the  score  of  abundance,  cheap- 
ness, and  permanency. 

BaryieB. — Barytee  or  sulphate  of  baryta,  the  most  important  of  the 
ndtsof  barium,  is  found  native  in  large  quantities,  forming  the  species 
of  mineral  termed  barites  or  buytes,  and  commonly  known  as  heavy- 
sptr,  on  aocount  of  its  weight  (sp.  gr.  from  4* 3  to  4*  7).  It  is  found 
in  Derbyshire  and  Shropshire,  and  often  occurs  in  fine  tabular  crystals* 
The  massive  variety  found  in  the  mountain  limestone  of  the  above 
oountieA  is  sometimes  called  ''  cawk  " ;  it  is  more  frequently  found  in 
white  or  reddish-white  masses.  In  Saxony  it  occurs  as  the  mineral 
ttamgen^spaih,  m  a  columnar  form ;  and  at  "Bologna  a  nodular  variety 
is  found,  called  Bologna  stone,  which  is  notable  for  its  phosphorescent 
powers  when  heated. 

The  pure  pigment  is  a  heavy  white  powder,  insoluble  in  water  and 
nearly  insoluble  in  all  other  menstrua.  It  is  prepared  by  heating  the 
native  mineral,  grinding  it  to  powder,  and  well  washing  it,  first  in 
dilute  sulphuric  acid,  in  order  to  remove  any  traces  of  iron,  and  after- 
wards in  water.  It  is  then  levigated  or  **  floated,"  the  lightest 
particles  being  the  most  valuable,  and  known  as  *'  floats  " ;  the  white 
powder  is  afterwards  thoroughlv  dried.  This  process  is  employed  at 
several  works  in  the  neighbourhood  of  Matlock  Bath,  in  Derbyshire, 
hut  much  larger  quantities  could  be  produced  in  different  parts  of  the 
country  if  the  demand  for  the  article  rendered  its  production  more 
profitable.  The  principal  use  of  sulphate  of  baryta  is  to  adulterate 
white  lead,  and  to  form  the  pigment  known  as  hlcmcfixe^  or  permanent 
white.  For  these  purposes  the  native  mineral,  ground  and  washed  as 
described  above,  is  commonly  employed.  The  annual  production  in 
the  United  Kingdom  is  26,000  to  80,000  tons,  valued  at  about  24«.  a 
ton. 

Improvements  in  machinery  and  in  the  process  of  treating  natural 
barytes  have  overcome  many  of  the  objections  which  formerly  existed 
to  its  utilisation,  and  considerable  attention  is  now  being  given  to  the 
localities  in  the  United  States  where  it  is  found.  The  mineral,  in 
Older  to  be  available  for  the  uses  to  which  it  is  put,  must  be  fairly  firee 
fen  quartz  grains,  the  stain  of  iron  rust,  and  otJier  impuritiea  If 
the  bar3rtes  is  stained  to  any  extent,  it  is  practically  valueless,  as  a 
good  white  colour  is  essential  to  its  usefulness.  Quartz  grains  or  other 
hard  substances  with  which  it  is  apt  to  be  associated,  injure  the 
aachmeiy  in  grinding.  The  purest  barytes  so  far  produced  in 
America  comes  from  Missouri  (where  it  is  called  '^tiff*' ),  though  a 
very  fair  grade  is  now  being  mined  in  considerable  quantities  in 
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Yirginia.  The  yearly  output  in  the  United  States  is  about  30,000  to 
35,000  tons,  valued  at  21«.  a  ton  in  the  orude  state,  and  ^.  to  |<Lalb. 
when  prepared. 

Magnesite  (see  p.  329)  being  white,  very  heavy,  opaque,  and  harm- 
less, composed  almost  entirely  of  ma^esia  carbonate,  is  becoming  a 
very  important  pigment  as  a  rival  to  bskrytes. 

Ochrea, — The  large  class  of  mineral  pigments  known  collectively 
as  ochres  or  sienna  earths  possess  considerable  importance,  notably  on 
account  of  their  remarkable  durability  and  their  reasonable  price. 
They  all  consist  essentially  of  an  earthy  base  coloured  by  oxide  of 
iron  or  of  manganese,  or  of  both.  Some  authorities  differentiate  be- 
tween ochres  and  siennas,  and  ascribe  the  latter  name  only  to  those 
earths  which  contain  manganese,  but  this  seems  to  be  an  arbitrary 
prooeeding,  because  the  term  sienna,  or  more  properly  Siena,  is  derived 
solely  from  the  name  of  the  Italian  province  in  which  these  minerals 
are  worked.  They  are  of  widespread  occurrence,  both  geogranhically 
and  geologically,  and  the  methods  of  mining  and  preparing  tnem  aie 
not  subjeet  to  much  variation. 

Thev  are  chiefly  found  in  large  quantities  in  the  communes  of 
Oastel  del  Piano  and  Arcidosso.  The  yellow  earths  and  bole  found  <m 
the  western  slopes  of  Monte  Amiata  are  true  lacustrine  deposits  found 
amid  the  trachytic  rocks,  of  whidi  it  is  principally  composed.  They 
lie  under,  and  are  entirely  covered  by,  the  vegetable  soiL  Varying 
in  compactness  and  colour,  they  are  termed  yeUow  earths  when  of  a 
clear  ocbreous  tint,  and  terra  botare^  or  bole,  when  of  a  dark  chestnut 
colour.  Each  deposit  consists  for  the  greater  part  of  yellow  earth, 
beneath  which  bole  is  found  in  strata  or  small  veins.  The  mineral 
being  very  friable,  its  excavation  is  easy,  and  is  generally  oondncted 
in  open  pits. 

The  different  qualities  are  separated  during  the  process,  the  bole, 
which  has  the  higher  commer^al  value,  being  the  more  carefully 
treated.  After  the  first  separation  the  bole  is  further  classed  into  first, 
second,  third,  and  intermediate  qualities— 6oZe<to,  fasda^  eerehiane,  &c. 
Its  most  important  characteristio  is  termed,  in  commercial  language, 
punio  di  colore,  or  tint.  The  value  of  the  bole  rises  as  its  tint  deepens. 
Thus  bole  of  the  third  quality  is  lighter  than  that  of  the  second,  and 
the  second  than  that  of  the  first.  After  the  third  quality  comes  the 
terra  guilla.  The  yellow  earths,  after  excavation,  are  exposed  to  the 
open  air  for  about  a  year,  by  the  pit  side,  without  classification.  The 
bole,  on  the  contrary,  is  placed  in  well-ventilated  storehouses  to  dry 
for  about  6  months.  This  diversity  of  treatment  is  owing  to  the  fut 
that  exposure  to  the  elements  brigbtens  the  colour  of  the  yellow 
earths,  and  raises  their  value,  while  it  would  damage  the  bole  by 
turning  its  darker  tint  first  into  an  orange  yellow,  and,  if  continued, 
into  an  ordinary  yellow  earth.  It  also  loses  in  compactness  and 
crumbles  up  under  exposure. 

In  addition  to  the  punto  di  colore,  the  size  of  the  pieces  influences 
the  commercial  value  of  the  bole,  which  increases  with  their  volumeu 
Thus  the  classification  is  holo  pezzo,  holo  grapolino,  and  hoh  polpere. 
The  yellow  earths  are  clashed  as  giallo  in  pezzo,  gtaUo  eomtiMiiBe,  aid 
giallo  impalpabile,  the  impalpable  being  worth  more  than  the  oommon 
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yellow.  The  production  of  the  Siena  earths  is  estimated  at  about 
600  tons  per  annum,  of  which  amount  about  50  tons  are  calcined,  and 
the  rest  sold  in  the  natural  condition.  The  value  of  the  trade  is 
estimated  at  from  40002.  to  60002. 

The  European  trade  in  these  earths  is  very  large.  Bouen  exports 
ffm»  5000  tons  yearly,  and  Havre  about  1500  tons. 

Similar  deposits  occur  in  America,  where  they  are  known  as 
^  paint-beds,"  and  the  earths  are  called  '*  metallic  paints."  A  promi- 
nent example  is  the  paint-bed  at  Lehigh  Gap,  Carbon  County,  Penn- 
sjivania,  which  was  originally  opened  as  an  ironstone  mine.  The 
mineral  proved  valueless  metallurgically,  but  remnrkably  useful  as  a 
pigment,  since  it  contains  about  28  per  cent,  of  hydraulic  cement, 
which  hastens  the  drying  and  causes  the  paint  to  set  .without  any 
addition  of  artificial  dryers,  thereby  making  it  eminently  fitted  for 
all  outdoor  application. 

Along  the  outcrop  of  the  paint,  the  beds  are  covered  by  a  cap  or 
overburden  of  clay,  and  by  the  decomposed  lower  portion  of  the  Mar- 
cellos  slate,  which  is  50  ft  thick  at  the  Butherford  shaft. 

Beginning  with  the  Marcellus  slate,  the  measures  ooour  in  the 
following  descending  order : — 

0.  Hydratdio  cement  (probably  Upper  Helderberg),  very  hard  and 
compact. 

b.  Blue  clay,  about  6  in.  thick. 

e.  Paint-ore,  varying  from  6  in.  to  6  ft.  in  thickness. 

J.  Yellow  clay,  6  ft.  thick. 

e.  Onskany  sandstone,  forming  the  crest  and  southero  side  of  the 
ridge. 

East  of  the  Rutherford  shaft  the  sandstone  forms  the  top-rock  of 
the  bed.  This  is  due  to  an  overthrow  occurring  between  the  Ruther- 
ford tunnel  and  shaft. 

The  paint-bed  is  not  continuous  throughout  its  extent.  It  is 
f&alted  at  several  places ;  sometimes  it  is  pinche  i  out  to  a  few  inches 
uid  agHin  increases  in  width  to  6  ft.  A  short  distance  south  of  Bow- 
iQan*8  there  is  a  fault  striking  north-east  in  the  Marcellus  slate, 
»hich  has  produced 'a  throw  of  about  200  ft.  The  measures  dip  from 
10^  to  90\  The  dip  at  the  Rutherford  shaft  is  about  79°  south, 
whereas  at  the  tunnel  it  is  45°  north.  The  ore  is  bluish -grey,  re- 
lembling  limestone,  and  is  very  hard  and  compact.  The  bed  is  of  a 
ighter  tint,  however,  in  the  upper  than  in  the  lower  part,  and  this 
8  probably  due  to  its  containing  more  hydraulic  cement  in  the  upper 
ttnita.  The  paint-ore  contains  partings  of  clay  and  slate  at  various 
>lace6. 

At  the  Butherford  shaft  there  are  fine  bands  of  ore,  alternating 
^th  clay  and  slate,  as  follows— Sandstone  (hanging-wall),  clay,  ore, 
ilate,  ore,  clay,  ore,  clay,  ore,  slate,  ore,  cement,  slate  (foot-wall).  These 
cartings,  however,  are  not  continuous,  but  pinch  out,  leaving  the  ore 
^thout  the  admixture  of  clay  and  slate.  Near  the  outcrop  the  bed 
>ecomeB  brown  hematite,  due  to  the  leaching  out  of  the  lime  and  to 
vjmplete  oxidation.  Occasionally,  streaks  of  hematite  are  interleaved 
^th  the  paint-ore.  In  driving  up  the  breasts,  towards  the  outcrop, 
lie  ore  is^  found  at  the  top  in  rounded,  partially  oxidised  and  weatn* 
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ered  masses,  called  '*  bombshells,"  covered  with  iron  oxide  and  sitr- 
rounded  by  a  bluish  clay.  In  large  pieces  the  ore  shows  a  dedded 
cleavage. 

The  method  used  in  mining  is  a  variation  of  panel-work.  Nearly 
the  same  system  of  working  is  employed  by  all  of  l^e  companies  who 
have  developed  their  mines  either  by  means  of  tnnnels  or  shafts. 
Tunnels  are  preferred  whenever  equally  convenient,  because  they  in- 
volve no  expenses  for  pumping  and  hoisting  machinery,  fuel«  repairs 
to  machinery,  Ac. 

The  following  description  of  the  operation  of  the  Butherford  mines 
is  typical  of  all  the  workings  in  the  vicinity. 

The  Butherford  tunnel  is  6  ft  high  and  600  ft  long.  The  gang- 
ways are  driven  along  the  foot-wall  of  the  cement  side,  6  ft.  high,  lu^ 
are  heavily  timbered  and  lagged  at  the  top  and  on  the  clay  side.  The 
sets  of  timbers  are  Z\  ft.  apart,  and  usually  of  9-in.  timber.  Tfae 
width  at  the  top  is  3]^  ft.,  with  a  spread  of  5  ft  at  the  bottom,  tlie 
extra  width  being  cut  from  the  clay.  Where  the  cement-rock  is  firsu 
the  collar  is  hitched  6  in.  into  it  and  supported  by  a  leg  cm  tiie  day 
side.  The  cost  of  the  timber  is  54  cents  (2«.  dJ.)  per  set,  including 
the  lageing.  The  monkey  gangway,  which  carries  the  air  along  tbd 
top  of  &e  breast  ft'om  the  air-shaft,  is  2\  ft.  hi^,  1^  ft  wide  at  the 
top,  with  a  spread  of  2^  ft.  at  the  bottom.  Wooden  rails  with  a 
gauge  of  18  in.  are  spiked  to  the  cross-tie& 

The  gangway  is  not  driven  continuously,  but  after  being  driyeii 
about  55  ft.  on  either  side  of  the  shaft,  the  breasts  are  started  25  ft  froa 
the  shaft,  a  pillar  being  left  to  protect  it.  The  breast  is  then  opened 
up  to  the  face  of  the  gangway,  and  when  one  ore-breast  is  worked  out, 
the  gangway  is  driven  {Jiead  about  30  ft.,  and  a  new  breast  is  opend 
and  worked  out  before  commencing  a  third.  The  air-hole  is  fii^ 
driven  to  the  surface,  then  the  breast  is  opened  to  its  fall  width  oi 
6  ft  The  thickness  of  the  bed  of  ore  here  varies  from  4  to  6  ft.  de 
pending  upon  the  thickness  of  the  partings  of  clay  and  slate.  Tin 
clay  aim  slate  are  left  on  the  bottom,  which  is  made  sloping  to  allon 
the  ore  to  roll  down  to  the  shute ;  this  is  6  ft.  wjde  and  4  ft.  long  anc 
heavily  timbered.  Small  props  or  sprags  are  hitched  into  the  o^nent 
and  wedged  with  a  lid  on  the  clay  side  to  prevent  &lls  of  rock. 

The  holes  are  drilled  by  hand  in  the  day-partings.    They  vaiy  i 
depth  ft-om  1  to  4  ft,  and  the  charge  of  dynamite  is  varied 
spondinglv,  according  to  the  amount  of  ore  it  is  desired  to 
down.    The  loose  ore  is  wedged  down  with  crowbars  and  pioks^  \ 
is  then  freed  from  any  adhering  clay  and  thrown  down  the  shvte. 
is  there  loaded  into  boxes  holding  about  \  ton  each,  which  are  posL 
to  the  shaft  on  a  truck.    The  ore-boxes  have  4  rings  at  the  came 
to  which  are  attached  4  chains,  suspended  from  &e  wire  hoisting 
rope.    At  the  top  of  the  shaft  the  boxes  are  detached  and  placed  i 
a  truck,  which  is  run  to  the  dump ;  30  cars,  averaging  15  toiw, 
extracted  in  a  day  of  two  shifts,  the  day-shift  working  9  boors 
the  night-shift  11.    The  pay  of  the  miners  is  5«.  per  shift, 
cost  of  mining  the  ore  averages  7«.  per  ton. 

The  ore,  as  it  comes  from  the  mines,  is  free  from  refuse,  great  < 
having  been  taken  to  separate  slate  and  clay  from  it  in  the 


Digitized  by 


Google 


NON'METALUFEROUS  MINERALS. 


313 


It  is  hauled  in  2-ton  wagons  to  kilns,  which  are  situated  on 
Idll-aide  for  oonvenienoe  in  charging.  The  platform  n]^n  which 
le  ore  is  dumped  is  built  from  the  top  of  the  kiln*to  the  side  of  the 
ilL  The  ore  is  first  spalled  to  fist-size  and  freed  from  slate,  and  is 
wn  carried  in  buggies  to  the  charging-hole  of  the  kiln. 

The  slate,  when  burned,  has  a  Ught  yellowish  tint,  which  would 
lymge  the  colour  of  the  product.  Figs.  90  to  92  represent  a  front 
bnSion  of  the  kiln,  and  two  sections  at  right  angles  to  each  other, 
lie  kiln  is  22  ft  high  and  16  ft  square  on  tiie  outside.  The  interior 
\  cylindrical,  5  fL  £am.,  witJi  a  firebrick  lining  a  of  the  best  quality, 
"he  interior  lining  slopes  from  the  fireplace  6  to  the  door  c,  by  which 
be  charges  axe  withdrawn ;  this  facilitates  the  removal  of  the  cal- 
bed  ore.  The  casing  <i  is  of  sandstone,  b\  ft.  thick,  and  tied  together 
|ilh  the  best  white-oak  timber  s.  When  charged,  a  kiln  holds  16 
MS  of  ore,  and  the  kiln  is  kept  constantly  fcdl.  llie  heat  passes 
torn  the  fixei^aoee  &— of  which  there  are  two,  placed  diametrically 


-  Fioc  90,  91,  92.— Knj(  fob  Bubkino  Paint  Obb. 


ffMMite  each  other — through  a  checker-work  /  of  brick  into  the 
entre  of  the  charge.  The  c£arge  enters  at  g  and  is  witiidrawn  by  a 
)fxx  c  in  the  front  wall,  2  ft.  long  and  18  in.  high.  The  ashpit  is  at 
•  The  fixe  is  k^t  at  a  cherry-red  heat,  and  about  1  cord  of  wood  is 
mroed  every  24  hours. 

The  kiln  works  continuously,  calcined  ore  being  withdrawn  and 
ireah  oharees  made  without  interruption.  The  ore  is  subjected  for  48 
hows  to  ute  heat,  which  expels  the  moisture,  sulphur,  and  carbon 
lioxide.  About  14  tons  of  calcined  ore  are  withdrawn  every  3  hours 
huing  the  day.  The  outside  of  the  lumps  of  calcined  ore  has  a  light 
bown  colour,  while  the  interior  shows  upon  fracture  a  darker  brown. 
Sreat  care  is  necessary  to  regulate  the  heat  so  that  the  ore  is  not  over 
bined.  When  this  happens,  the  product  has  a  black  scoriaceous  ap- 
pearanoe,  and  is  unfit  for  the  manufacture  of  paint,  being  extremely 
bard  to  grind. 

The  calcined  ore  is  carried  from  the  kiln  in  wagons  to  the  mill, 
whmre  it  is  broken  to  the  size  of  grains  of  com  in  a  rotating  crusher. 
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The  broken  ore  is  carried  by  eleyatora  to  the  stook-bins  at  the  top  d 
the  building,  and  thence  by  shutes  to  the  hoppers  of  the  mills,  whidi 
grind  it  to  the  necessary  degree  of  fineness.  Elevators  again  carry  i 
to  the  packing-machine  by  a  spout,  and  it  is  packed  into  ' 
holding  500,  300,  or  100  lb.  each. 

Ochres  owe  their  colour  to  hydrated  oxide  of  iron,  besides  wliii 
body  they  contain  clayey  matter  ^silicate  of  alumina),  earthy  matf 
barytes,  carbonate  and  sulphate  of  calcium,  Ac,  dependent  upon 
locality  from  whence  they  are  obtained ;  thus  Derbyshire  ochres 
tain  mostly  calcareous  earthy  matters,  barytes,  gypsum,  dbc,  whii 
Oxford  ochres  and  French  ochres  contain  clayey  matter;  Welsh  c  ' 
are  variable,  and  usually  contain  a  good  deal  of  silicious  matter. 

The  annual  production  of  ochres  (and  umbers)  in  the  United  JUng| 
dom  reaches  10,000  to  20,000  tons,  with  a  value  of  about  40«.  a  ton. 

The  yearly  output  of  ochres  (and  metallic  paints)  in  the  United 
States  is  about  40,000  tons,  having  an  estimated  value  of  about  5t)i 
a  ton. 

SnudU. — This  pigment  has  not  maintained  its  position  in  cm 
petition  with  artificial  ultramarine.    Formerly  it  was  very  largely 
used  to  correct  the  yellow  tone  of  cottons,  papers,  and  pottery.   I 
has  a  pale  violet-blue  tint,  which,  however,  is  not  constant  in  arti 
ficial  bght.     Being  a  silicate  it  is  very  permanent,  and  proof  againsi 
the  action  of  acids,  alkalies,  and  sunlight,  besides  being  inert  wba 
mixed  with  other  pigments.     It  can  be  used  with  either  water  or  d 
as  a  medium,  but  is  not  a  successful  paint  owing  to  its  weak  colonricj 
power.    It  is  virtually  a  double  siHcate  of  cobalt  and  potash,  or 
cobalt  glass,  containing  a  few  impurities,  of  which  the  chief 
aluminium,  iron,  and  lead  oxides.     The    colour  varies  somewl 
according  as  these  impurities  fluctuate,  and  the  finest  ground  mm\ 
is  always  the  palest.     It  is  hardly  ever  adulterated,  and  the  di 
point  to  secure  is  that  it  be  ground  to  the  finest  possible  degree.     J 

Its  manufacture  is  most  extensively  and  successfully  carried  on  a 
Saxony.  The  raw  materials  used  are  cobalt  speiss  (an  arsenide  a 
cobalt  and  iron^,  potash,  and  sand  The  ore  is  broken  up  into  coa 
venient  sized  pieces  and  roasted  at  red  heat  in  a  reverberatory  fnniid 
provided  with  a  tall  shaft  for  discharging  the  sulphurous  and  arsenici 
fumes  at  a  high  altitude.  When  the  evolution  of  these  fumes  h^ 
ceased,  and  the  mass  begins  to  assume  a  pasty  consistence,  the  roaetd 
ore  is  removed  from  the  furnace,  cooled,  reduced  to  a  fine  pulvemW 
condition  (then  known  as  *'zafire")  and  passed  through  a  silkd 
sieve.  Should  it  be  necessary,  the  cobalt  ore  is  first  spalled  and  huA 
picked  to  remove  the  ores  of  foreign  metals  which  are  associated  wi^ 
it ;  and  then  reduced  to  a  very  fine  state  in  an  edge-runner  or  morti 
mill,  and  freed  from  earthy  impurities  by  washing.  The  ooneentiatfl 
ore  is  then  dried  and  dead-roasted  in  small  charges  at  a  time  (abo)! 
4  cwt.)  in  a  specially  designed  reverberatory  furnace  such  as  shovi 
in  Fig.  93,  of  which  a  is  the  hearth  on  which  the  ore  is  spread ;  h,  tk 
fireplace,  the  products  of  combustion  from  which  pass  over  the.orecj 
the  hearth,  and  thence  into  the  flues  c,  which  repeatedly  circle  rood 
the  furnace  so  as  to  provide  abundant  opportunity  for  the  aisenioi 
oxide  derived  from  the  combustion  (oxidation)  of  the  arsenic  in  tl 
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to  oondense ;  this  highly  poisonous  arsenions  oxide  is  coUeoted  in 
lid  form  from  the  flues  at  oonvenient  intervals  by  means  of  the 
B  (2.  The  ore  is  charged  and  discharged  at  the  door  e.  The 
ting  should  not  be  carried  to  such  a  point  that  the  whole  of  the 
hur  and  arsenic  are  removed  when  making  smalts,  as  by  leaving 
»rtion  of  these  substances  in  the  ore  at  this  stage  the  ultimate 
fication  is  better  accomplished. 

rhe  next  stage  is  to  fuse  the  roasted  ore  with  potash  and  silica  so 
)  form  a  blue  glass.  The  proportions  in  which  the  ingredients 
mixed  depend  upon  the  depth  of  colour  in  the  zaffre  operated 
a  and  the  tint  desired  in  the  finished  smalts;  hence  it  is  iJways 
nuined  by  a  preliminarv  experiment,  and  is  then  most  carefully 
sred  to,  each  material  being  accurately  weighed  out.  Only  the 
potash  can  be  used,  as  it  must  be  quite  free  from  soda,  and  iron 


< 


Fio.  98.— Kiln  fob  Boastino  Ck)BALT  Obs. 

iker  metal ;  the  effect  of  soda  is  to  render  the  blue  greenish  tinted, 
rtz  affiords  the  requisite  silica,  and  is  hand-picked  to  ensure 
iom  from  alumina,  iron,  and  lime,  which  import  dulness  into  the 
or,  and  then  ground  to  a  fine  powder  in  €Ln  edge  runner  milL  The 
r  weighed  quantities  of  the  several  ingredients  are  intimately 
^  in  wooden  or  cement-lined  vessels,  so  as  to  preclude  the  possi- 
7  of  any  metallic  iron  finding  its  way  in ;  and  as  a  further  pro- 
um  against  this  risk  a  little  white  arsenic  is  often  added  so  that 
iron  may  be  carried  down  in  the  regulus  which  is  formed  during 
^lsion  in  the  crucible. 

Fhese  crucibles  are  of  refractory  earthenware  quite  free  frrom  lime, 
meesore  about  18  in.  across  at  top,  gradually  diminishing  to 
B*  at  bottom,  so  that  an  ordinary  clunrge  is  about  f  cwt.  They 
placed  in  rows  in  a  furnace  which  generall}*  bears  a  close  re- 
Uanoe  to  a  glass  furnace,  the  operation  being  very  similar.    The 


Digitized  by 


Google 


31 6  ECONOMIC  MINING. 

forme 

IB  shon 

of  the 

famac 

closed 

pots  h 

small 

brick 

andtli 

escape 

thecb 

pots,  1 

throuj 

a  whii 


Fig.  94.— Kiln  fob  makino  Smalts,  ^ 

glass.  The  fused  mass  is  repeatedly  sampled,  and  when  it  hasbfli 
quite  homo^neous,  and  the  regulus  or  speiss  oontaining  ^i 
antimony,  bismuth,  arsenic,  copper,  nickel,  sulphur,  and  other  iiB] 
ties  has  completely  separated  itself  and  collected  at  the  bottom  fk 
pots,  the  blue  glass  is  ladled  out  and  dropped  at  once  into  cold  n 
by  which  it  is  disintegrated  and  rendered  very  brittle,  ready  fa 
subsequent  grinding.  The  regulus  is  then  drawn  off  from  tbt 
through  holes  provided  for  the  purpose,  and  removed  by  the  orii 
after  which  the  pots  are  ready  for  another  charge.  They  oidiii 
remain  serviceable  for  about  6  months. 

The  grinding  needs  to  be  done  with  great  thoroughnees^  i 
accomplished  partly  by  stamps  and  partly  by  edge-mnnCT  nn 
the  presence  of  water.  The  particles  as  reduced  are  floated  off  l| 
water  to  a  series  of  settling  tanks  communicating  one  with  aM 
The  portion  which  settles  in  the  first  of  the  series  is  too 
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ad  18  retnmed  to  the  edge-runner  for  further  grinding ;  while 

vrtion  in  the  last  of  the  series  possesses  such  a  weak  coToor  that 

rejected,  or  put  into  the  crucible  to  undergo  a  second  fusion. 

sleeted  portions  are  dried  ready  for  the  consumer. 

i&eri. — Theee  form  a  large  class  of  natural  earths  of  a  bro¥m 

,  differing  widely  in  the  proportions  of  their  chief  constituents, 

seelj  allied  to  the  ochres  and  siennas  in  general  composition, 

ring  their  colour  mainly  to  the  presence  of  hydrated  oxides  of 

sd  manganese,  the  latter  prevailing  in  the  umbers  to  a  greater 

I  than  in  the  ochres  and  siennas  (see  p.  814). 

Is  or  veins  of  umber  of  varying  thickness  and  extent  are  found 

ay  places,  especially  in  connection  with  magnesian  limestone 

4te).     Apparently  they  are  often  derived  from  decomposition 

I  rock,  perhaps  due  to  the  infiltration  of  carbonated  water, 

has  aeted  upon  the  calcium  and  magnesium  carbonates  in  the 

nite,  and  left  the  silica  and  the  iron  and  manganese  as  oxides, 

ing  the  bulk  of  the  umber.    Usually  these  beds  of  umber  are 

the  surface,  though  covered  by  an  overburden  of  v^etable  soil, 

the  operation  of  working  them  may  be  called  quarrying  rather 

mining,  bein^  of  a  superficial  and  simple  character,  often  only 

inting  to  smafi  pits. 

LB  no  umber  is  a  definite  body,  but  rather  a  mixture  of  various 
t%n<y#,  so  the  composition  of  every  kind  is  peculiar  to  itself,  and 
wide  differences  are  noticeable.  Even  the  same  bed  will  not 
Bsaiily  produce  always  the  same  class  of  umber.  The  fcdlowing 
«8  show  the  extent  to  which  the  proportions  of  the  several 
edients  may  vary : — 

Percent. 

Water  p:iTen  off  at  212<'F 4    to  65 

Water  in  oombinatioii 5    „  11) 

Silica 4J  „  291 

Maoganeee  dioxide     7     „  27 

Ferric  oxide 6     „  36 

Wloinm  carbonate  is  sometimes  present  to  the  extent  of  21  to 
r  cent.,  and  at  other  times  is  quite  absent,  its  place  being  taken 
to  1  per  cent,  of  lime  (calcium  oxide);  some  of  the  English 
9TS  contain  about  2  per  cent,  of  calcium  sulphate  (gypsum)  in 
don  to  the  carbonate.  Alumina  may  occur  to  the  amount  01  2^ 
l\  per  oent^  or  may  be  wanting  altogether.  In  a  sample  of 
lyshire  umber  analysed  by  Hurst  &ere  appears  to  have  been  over 
»r  cent,  of  barium  sulphate  (barytes),  which  looks  suspiciously 
adnltexation. 

Jmoet  every  variety  of  shade  may  be  found  in  umbers.  The 
Bat  and  richest  in  colour — a  warm  violet-brown — is  the  so-called 
:ey  nmber,  mined  in  Cyprus,  and  formerly  shipped  viA  Constan- 
»le ;  this  is  of  very  fine  quality  and  commands  the  higher  price 
&e  mmrket.  A  readish-brown  Irish  umber,  known  as  Gappagh 
n,  obtained  from  the  Cappagh  mines  in  Cork  county,  is  much 
med  among  artists,  both  for  water-colour  and  oil  painting,  and 
dally  for  the  latter  when  it  has  been  subjected  to  a  preliminary 
cation  at  a  temperature  of  about  170^  F.    Heated  to  the  boiling 
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point  its  oolonr  changes  to  a  rich  red,  resembling  bnmt  sieni 
Ck>mish  timbers  are  of  fairly  good  quality.  Derbyshire  Tunben  a 
poor,  and  incline  to  a  reddisn  tint,  l^sides  being  gritty.  Sometia 
they  are  adulterated  with  a  little  lampblack,  which  renders  the  to 
more  like  that  of  Turkey  umber,  and  thus  deceives  the  nnwi 
buyer. 

There  are  three  conditions  in  which  umbers  come  into  commen 
(1)  as  raw  lump,  being  the  mineral  just  as  it  is  mined;  (2)a8n 
powdered,  when  it  has  been  ground  very  fine  and  levigated  or  wai 
in  flowing  water,  whereby  the  particles  get  assorted  according 
their  several  degrees  of  fineness ;  and  (2t)  as  burnt,  being  the  po«i 
after  it  has  been  subjected  to  calcination  in  a  closed  furnace.  Sq 
umbers  are  so  soft  that  they  can  be  washed  without  any  prer^ 
grinding,  but  this  is  not  generally  the  case.  The  calcination  is  oi 
ducted  at  a  red  heat,  and  by  this  process  the  tint  is  made  darker  a 
warmer,  but  it  must  not  be  pushed  too  far  or  the  pigment  will  blaek 

While  di£ferent  samples  of  umber  present  differences  of  tone  a 
shade,  from  a  yellowish  to  a  violet  brown,  they  are  alike  in  bei 
very  durable  and  proof  against  the  injurious  influences  of  air,  li^ 
and  impure  atmospheres;  ordinary  acids  and  caustic  soda  haxe 
appreciable  effect.  They  mix  well  with  other  pigments  without  p 
voking  any  change,  and  are  equally  satisfactory  as  oil  or  wa 
colours.  They  do  not  admit  of  much  adulteration,  except  in  the  i 
stitution  of  an  inferior  grade  for  a  superior  one,  and  possihljj 
addition  of  barytes  as  a  make-weight. 
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POTASH. 

"hi  extensive  deposits  of  potash  salts  at  and  near  Stassfnrth,  Prussia, 
hich  daring  the  last  20  years  have  created  an  important  industry, 
«re  eDconntered  in  prosecuting  the  search  for  salt,  and  were  long 
igarded  as  a  hindrance  and  incumbrance  to  the  development  of  the 
>ck-salt  workings  which  they  overlie.  The  deposits  occur  in  the 
onter  sandstone  (Triassio)  series,  and  are  illuptrated  in  section  in 
paper  by  my  friend  Mr.  C.  Napier  Hake,*  who  was  for  some  years 
konected  with  the  industry. 

On  referring  to  the  section,  it  will  be  seen  that  rock-salt  oocupies 
te  lowest  stratum.  The  black  diagonal  lines  which  are  drawn 
TOSS  the  rock-salt  region  represent  thin  layers  of  calcium  sulphate 
Upsnm)  7  mm.  thick  and  almost  equi -distant.  At  the  top  of  the 
ck-salt  and  associated  with  its  uppermost  portions  are  thin  strata 
'  polyhallite  (trisulphate  of  potash,  magnesia,  and  lime),  followed 
unediately  by  an  accumulation  of  kieserite  (magnesia  sulphate^  and 
lis  again  in  ascending  order  by  a  zone  of  oarnallite  ^double  chloride 

potash  and  magnesia)  mixed  with  some  magnesia  sulphate  and 
ck-ealt.  Towards  the  higher  portions  of  the  now  inclined  strata, 
08  camallite  bed  gives  pJace  to  kainite  (double  sulphate  of  potash 
id  magnesia  combined  with  one  equivalent  of  magnesia  chloride  and 
tormingled  veith  40  per  cent  of  common  salt),  a  secondary  product 
raiting  from  the  action  of  a  limited  quantity  of  water  on  the 
nuJlite  layer.     The  upper  bed  of  rock-salt,  resting  on  a  thick  bank 

anhjdrite,  is  also  a  later  formation.    Almost  imperceptible  layers 

polyhallite  are  present  in  this  deposit,  at  greater  intervals  than 
Ofleocourring  in  the  lower  rock-scut  beds;  thus  it  has  probably 
Iginated  from  the  action  of  water  on  the  older  deposit.  Though  of 
nparatively  limited  extent,  the  upper  salt  beds  are  the  more 
teemed,  as  their  product  is  much  purer,  averaging  about  98  per 
at.  sodium  chloride. 

The  primary  minerals  afforded  by  these  deposits  are  seven,  viz. 
sk-salt,  anhydrite,  polyhallite  (K0SO4,  MgSO^,  2CaS0„  2H3O), 
eserite  (MgSO*,  HjO),  camallite  (KCl,  K^Clj,  6H„0),  boracite 
^aBgOis,  MgClj),  and  douglasite  (2KC1,  FeCl,,  2YLfi)\  added  to 
lich  are  nine  secondary  minerals  resulting  from  their  decompo- 
ion,  viz.  kainite  (K2SO4,  MgSO,,  MgCl,,  6H3O),  sylvin  (KCl), 
Jhydrite  (CaCl^  2MGCI3,  VlWjS),  bischofite  (MgCl,,  6H2O),  kru- 
te  (K^O^,  MgS04,  4CaS04,  2flaO),  reichardite  (MgS04,  TH^O), 
mberite  (CaSO*,  Na,S04),  schonite  (K2SO4,  MgS04,  eHjO),  and 
trakanite  (MgS04,  46,0) ;  but,  besides  the  salt,  only  three  of  the 

*"  StMifart  Salts  and  their  Mode  of  Treatment,*'  Jonr.  Soc  Ohem.  Ind.;  ii.  146. 
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mineralB  possess  industrial  importance,  viz.  the  camaUite,  kainite,  ai 
kieserite. 

The  oamallite  region,  which  contains  a  variety  of  mineralB,  \ 
chiefly  contributed  to  the  fame  of  these  beds.  It  has  an  aTeii 
thickness  of  about  80  ft.,  and  consists  essentially  of  60  per  cent  a 
nallite,  20  rocknsalt,  16  kieserite,  and  4  tachydrite,  besides  sm 
quantities  of  magnesium  bromide;  the  several  mineralB  altem«ti 
with  each  other  in  regular  succession,  in  layers  ^  in.  to  8  ft  tha 
The  predominating  camallite  contains  26*76  per  cent,  potassii 
chloride,  84*5  magnesium  chloride,  and  88*74  water;  when  pureil 
colourless  and  transparent,  sp.  gr.  1*618;  it  is  very  hygroeoopiotf 
readily  soluble  in  water  (64}  parts  in  100). 

The  kainite  region,  though  less  extensive  than  the  otheiB,  k  1 
of  vast  dimensions.  The  average  composition  of  the  deposit  is  94 
per  cent,  sodium  chloride,  28  potassium  sulphate,  15*6  magneih 
sulphate,  18*6  water,  and  18  magnesium  chloride;  in  the  pureststj 
is  colourless  and  almost  transparent,  sp.  gr.  2  *  18 ;  it  is  soluble  in  wi^ 
(79iparts  in  100). 

The  kieserite  region  embraces  a  thickness  of  aboat  180  ft,  i 
consists  chiefly  of  66  per  cent,  rock-salt,  IT  kieserite,  18  csmftli 
8  tachydrite,  and  2  anhydrite ;  when  pure  kieserite  is  amarphons  i 
translucent,  sp.  gr.  2*517,  and  contains  87  per  cent,  magnesiiim  i 
phate  and  18  water;  it  is  slowly  soluble  in  water  (41  parts  in  1< 
at  64°  F. 

The  entire  accumulations  of  these  Stassfurth  beds  are  supposed 
have  resulted  from  eva^ration  of  an  inland  sea,  communicating  w 
the  ocean.  Ooncentration  would  have  followed  evaporation  till  1 
several  points  of  saturation  were  reached,  when  each  salt  in  ti 
would  begin  to  separate.  The  deposit  must  originally  have  b 
basinH9haped,but  has  been  lifted  in  the  centre  by  subsequent  f<ddi] 
and  the  cavity  thus  created  in  the  crest  of  the  antidmal  has  n 
filled  by  later  deposits  of  Oolitic  limestone.  The  mineraU  are  won  I 
a  system  of  shiits  and  drifts,  the  latter  taking  the  form  of  lul 
chambers  with  large  pillars  left  between  them.  In  a  distance  ^ 
miles  along  the  line  of  fault  there  are  over  a  dozen  shafts,  and 
dip  of  the  beds  varies  from  40°  to  nearly  verticaL  A  con^iden 
quantity  of  the  salts  are  sold  as  mined  for  agricultural  puxposes,  1 
an  extensive  industrv  has  locally  grown  up  in  oonneotion  with  il 
purification,  chiefly  by  solution  and  re-crystallisation,  as  described 
detail  by  Hake.  The  production  of  kainite  is  about  600,000  met 
tons,  value  400,000Z.,  and  of  other  potash  salts  800,000-900,000  to 
value  500,000t  yearly. 
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PUMICE. 

faiLE  many  active  volcanoes  eject  greater  or  lesser  quantities  of 
imice,  these  do  not  a£ford  any  appreciable  proportion  of  the  oom- 
ercial  supplies  of  that  mineral.  Nearly  the  whole  European  con- 
onption  is  derived  from  the  island  of  Lipari.  It  is  found  chiefly  in 
le  northern  parts  of  the  island,  on  the  slopes  of  the  mountains  cidled 
iBta  della  C^ustagna,  Monte  Felato,  and  Monte  Chirica,  which  appear 
I  have  formed  part  of  a  great  crater,  formed  of  inclined  layers  of 
bnes  and  ashes  from  volcanic  eruptions.  The  stratum  containing 
|0  pumice  is  covered  with  a  layer  of  stones,  in  some  cases  reaching 
!0  ft  thick,  and  being  of  a  light  grey  colour,  gives  a  singular  aspect 
\  the  landscape.  These  deposits  are  usually  worked  by  an  inclmed 
^Ikry  driven  in  the  hill-side  at  right  angles  to  the  dip ;  from  the 
fitom  of  this,  a  level  6  ft.  by  6  ft  is  driven  along  the  strike,  and, 
inn  this,  other  galleries  are  driven  at  intervals  following  the  inclina- 
on  of  the  stratum.  When  one  of  the  ealleries  has  reached  the 
Andaiy  of  the  workings,  it  is  filled  up  wim  rubbish  to  within  18  in. 
[  the  top,  and  another  gallery  about  8  ft.  wide  by  6  ft.  high  is  com- 
pDced  parallel  to  the  first,  leaving  a  sufficient  thickness  of  material 

Ppport  for  roof.  When  all  the  lower  portion  of  this  deposit  has 
worked  away,  a  slioe  above  6  ft  in  height  is  removeii  in  the 
pie  way,  and  this  operation  is  continued  until  the  roof  of  this  deposit 
I  reached.  The  pumioe  is  brought  to  surface  on  men's  backs,  the 
i&ers  taking  in  turns  the  excavation  and  transport  of  the  materiaL 
be  workings  are  usually  carried  on  by  8  or  10  miners,  who,  at  the 
id  of  their  day's  work,  divide  the  pumioe  obtained,  and  carry  it 
km  to  the  village  of  Canneto,  where  the  principal  dealers  reside. 

About  240  miners  are  engaged  in  this  industry,  and  produce  about 
\  tons  per  annum  per  man.  The  deposits  of  pumice  chiefly  belong 
\  the  commune,  which  levies  a  duty  of  3*25  lire  per  ton  on  all 
morted  from  the  island.  Some  of  the  workings  belong  to  private 
loiYiduals,  in  which  case  the  miners  pay  a  small  royalty. 

The  sorting  and  preparation  of  the  material  is  carried  on  at 
Knneto.  It  is  classified  according  to  quality,  the  best  of  which  is 
dd  at  Messina  at  40Z.  per  ton,  whilst  the  inferior  qualities  fetch 
xmi  25«.  to  30«.  per  ton.  There  are  also  mills  at  Oanneto,  and  here 
Bantities  of  ground  pumice  are  obtained.  About  6O0O  tons  is 
snually  exported,  which,  at  an  average  value  of  70  lire  per  ton, 
qjTwaita  420,000  lire  (16.800L). 

In  1888  a  reputedly  important  mine  of  pumice  was  opened  up  in 
^  Peak  of  Tenerifie,  Canary  Islands,  but  it  has  apparently  not  jet 
Bbfrded  any  supply. 

Some  60  or  70  tons  yearly  are  collected  at  Lake  Honda,  San  Fran- 
isco  county,  California,  and  meet  the  local  demand. 

Y 
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PYBITES. 

Under  this  head  are  included  only  such  pyrites  as  are  mined  edelj 
or  principally  for  their  sulphur  contents,  and  utilised  in  the  mann- 
facture  of  sulphuric  acid. 

While  there  are  many  deposits  of  iron  pyrites  in  most  parts  d 
the  world,  they  are  not  alwa^  accessible  to  mining  at  low  cost,  and 
situated  so  that  transportation .  of  the  low-valued  product  is  eui 
and  cheap.  These  primary  conditions  are  esseutial  to  the  industrial 
usefulness  of  any  pyrites  bed.  Further,  pyrites  containing  any  earthj 
carbonates  are  most  objectionable,  as  they  would  give  off  carbonic  wk 
in  *'  burning "  and  hinder  the  reactions  in  the  chambers.  Anothei 
point  to  be  taken  into  consideration  is  the  physical  character  of  tiu 
ore,  whether  compact  or  crumbling,  as  on  that  will  greatly  depeni 
the  proportion  of  dust  created  in  breaking,  and  consequent  difficoltzai 
or  losses  in  burning. 

The  ordinary  sources  of  pyrites  used  in  Great  Britain  are : — 

(a)  The  "coal-brasses"  or  pyritic  nodules  found  in  the  Coil 
measures ;  they  carry  up  to  36  per  cent,  sulphur,  but  average  mocl 
less,  and  being  contaminated  by  carbonaceous  matters  they  blacka 
the  acid  made  fix)m  them,  but  they  are  low  priced.  I 

(6)  Irish  pyrites,  mined  in  the  neighbourhood  of  Wicklow,  whean 
immense  beds  occur ;  containing  only  30-35  per  cent,  sulphur. 

(c)  Norwegian,  shipped  from  Ytteroen,  carrying  41  16  per  cent 
sulphur,  and,  though  often  said  to  be  free  from  arsenic,  &equeiitlj 
showing  1  *  6-1  *  7  per  cent,  of  that  undesirable  element. 

(d) .  Westphalian  and  Belgian,  good  as  to  sulphur  contents,  bo 
also  carrying  •  9-1  •  8  ^r  cent,  arsenic.  i 

(e)  Spanish,  differmg  from  all  the  foregoing  in  containing  sob 
copper,  for  which  the  "  cinders "  are  subsequently  treated ;  ridi  i| 
STuphur  and  free  burning,  but  contaminated  with  1  •  6-1  •  7  per  oeni 
arsenic. 

Canada  produces  yearly  40,000  to  70,000  tons  of  pyrites.  A3 
excellent  sulphur  ore  for  acid  making  is  mined  at  Finney's  Iskud 
Newfoundland,  and  is  shipped  to  the  United  States.  Analyses  &hof 
it  to  contain 

Percent. 

Sulphur 52-00 

Iron 46-80 

Alumina    ..     \ -10 

Insoluble  matter      -40 

Oxygen,  moisture  and  loss      -70 

The  ore  is  firm,  bums  remarkably  freely,  is  manipulated  withfiJ 
trouble,  and  can  easily  be  burned  so  that  less  than  *5  per  cent  q 
sulphur  is  left  in  the  cinders. 

The  production  of  pyrites  on  a  commercial  scale  in  the  nmti| 
States  is  confined  to  two  States.    Massachusetts  affords  annmlfi 
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20,000  to  30,000^  tons,  and  Virginia  30,000  to  70,000  tons.  The 
Bulphiir  contents  is  about  44  per  oent.,  and  the  cost  of  production  is 
about  6«.  a  ton. 

A  scarcity  of  brimstone  has  recently  led  to  greater  attention  being 
paid  to  native  pyrites  in  the  United  States,  especially  for  the  manu- 
factnre  of  sulphuric  acid  for  dissolving  phosphates  and  purifying 
petroleum,  and  some  very  misleading  figures  have  been  officially 
published  in  this  connection.  At  current  prices  (January  1892)  and 
\i  points  where  consumed,  the  prices  of  sulphiir  contained  in  several 
products  are  thus  given ; — 

100  units  of  sulphur  in  brimstone . .     ..     ..     $81  *00  ijSL  5«.) 

„  „  foreign  pyrites        ..       18-15  (3Z.  15«.) 

„  „  Virginian  pyrites    ..       14-60  (Si.). 

rhese  figures  seem  to  neglect  the  fact  that  the  imported  pyrites  carries 
i2  to  53  per  cent,  of  sulphur,  and  the  native  article  only  44  per  cent. 

In  much  greater  error  are  the  computations  regarding  cost  per 
DO  of  sulphuric  acid  made  from  brimstone  and  pyrites  respectively, 
lie  nearest  approach  to  the  truth  is  made  by  W.  H.  Adams,  v^ho 
ts^  his  calculations  on  works  situated  at  Atlanta,  Georgia.  He 
rnmeously  supposes  H)  that  brimstone  requires  a  greater  consump- 
ioQ  of  soda  nitrate  tnan  .pyrites,  whereas  the  opposite  is  the  case ; 
2)  that  the  same  labour  will  effect  the  handling  (breaking,  charging, 
c)  of  10  tons  of  pyrites  as  of  4  tons  of  brimstome — a  self-evident 
liBtake;  and  ^3)  tnat  the  wear  and  tear  on  the  chambers,  &c.,  will 
» the  same  with  brimstone  as  with  pyrites.  Other  exponents  err  to 
f  greater  lengths.    Adams's  figures  are  quoted  below : — 

Cost  of  sulphuric  acid  from  brimstone.    (One  day*s  work) : — 

4  tons  of  brimstone,  including  oosts  of  freight,  losses  in  transit,  &c.,\  m.^^ ,  ^ 

at$24perton         |  »»b  OU 

Nitrate  of  ^oda,  6  per  cent  of  brimstone  used,  538  lb.  at  $2*50  per\    ^n.^R 

1001b.      /    ^^  *^ 

Laboor,  5  meii,at  $1*25  per  day        6-25 

Cod.  2  tons,  at  13  pr  ton 6*00 

Superintendent  and  office  cost 6*00 

Wear  and  tear        10  00 

Producing  18  tons  of  chamber  acid,  at  17*65  per  ton     ..     137*70 

Cost  of  sulphuric  acid  from  pyrites.    (One  day's  work) : — 

10  tons  pjrites,  including  costs  as  above,  at  15  per  ton 150*00 

Nitrate  of  soda,  400  lb.  at  12 -50  per  100  lb 1000 

Coal 6*00 

Labour     6'25 

Superintendent  and  office  cost     6*00 

Wearandtear        10*00 

Prodocing  18  tons  of  chamber  acid,  at  14*90  per  ton     ..        88*25 

A  common  drawback  to  pyrites  is  the  presence  of  impurities, 
tably  arsenic,  which  prevent  the  application  of  acid  made  from 

T  2 
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them  to  many  pnrposeB.  Nearly  all  pyrites  contain  anenicy  som 
eTen  as  much  as  2  per  cent.  Dr.  Drinrwater  has  described  two  kisd 
of  solphnr  ore  or  "  stone,**  as  it  is  technically  called,  absolutely  fre 
from  arsenic.  One  was  an  Algerian,  the  other  a  Welsh  ore.  Tix 
composition  of  the  former  was : — 

Sulphur 44*8 

lion 46*6 

Insoluble 5*2 

Lead 0-02 

Manganese  oxide     0*22 

Lime  carbonate 3*1 

99*94 

It  also  showed  traces  of  nickel  and  cobalt. 

This  Algerian  ore  was  of  a  greenish  coloar,  of  a  soft  bharaoto 
making  a  lai^  quantity  of  smalls,  and  difficult  to  bum  in  the  kil^ 
It  made  very  good  acid  ;  bnt,  with  the  greatest  care,  at  least  4*5pj 
cent,  of  sulphur  remained  in  the  burned  ore. 

The  Welsh  ore  is  of  a  different  character.  It  is  very  hard,  ui 
difficult  to  break.  In  appearance  it  resembles  the  white  p3rrit66  < 
Saxony.  It  makes  very  little  smalls ;  bums  well  and  completely  i 
the  kuns. 

Following  is  a  oomplete  analysis  of  the  Welsh  ore : — 

Snlphnr       48*3 

Iron      42-1 

Inaolnble  matter 5*8 

Alumina      1*4 

Lime  oarbonate 2*5 

100*1 

Another  specimen  containing  some  quartz,  and  not,  perhaps,  a  fid 
average  sample,  showed  only  45  per  cent,  of  sulphur. 

The  burned  ore  sampled  from  a  large  bin  with  great  oare,  onl 
contained  3  per  cent,  of  unbumed  sulphur.  The  great  luundnei 
would  lead  one  to  suspect  that  more  than  3  per  cent,  would  \ 
wasted ;  but  a  considerable  practical  experience  has  shown  this  to  \ 
otherwise. 

There  is  no  difficulty  whatevei  with  this  ore,  to  keep  the  buma 
up  to  a  full  red  heat. 

The  acid  produced  is  certainly  of  a  superior  quality  for  pyriti 
acid.  It  is  of  a  good  colour,  and  entirely  free  &om  arsenic  In  fiM 
it  could  not  be  distinguished,  either  by  physical  or  chemical  test 
from  the  best  sulphur  acid. 

The  Algerian  ore  has  apparently  disappeared  from  the  market 
but  this  Welsh  ore,  raised  from  the  Cae  Coch  Mine,  is  superior  i 
many  respects,  and  will,  when  fully  known,  be  largely  used  for  tl 
production  of  an  acid  which  might  be  sold  as  sulphur  acid. 

"  Becovered  *'  sulphur  from  alkali  waste  is  always  tainted  witi 
arsenic. 
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Br.  Drinkwater  examined  a  number  of  varieties  of  pyrites  for 
irsenic,  and  gives  the  following  resnlts :— 


Absinio  in  Ptbitbs. 

a 

6 

0 

Comiah  Bkme        

IriA         „           

BdgUm,    „          

Spaoi^BtoDO       

percent. 

•93 
2- 
103 

•82 
1-81 

percent 
•56 

•40 

•20 

1-65 

percent 
•5 

•22 

•89 

In  addition^  most  Spanish  pyrites  oontain  selenium. 

F6r  estimating  arsenio,  Dr.  Drinkwater  prefers  the  fusion  method 
0  the  oxidation  with  nitrio  acid.  After  fusion,  dissolve  in  water, 
nd  precipitate  with  washed  H^,  redissolving  the  pj^t.  in  carbonate 
f  ammonia,  and  again  precipitating  with  acid,  weighing  on  tared 
Iter  as  AS3S3. 

As  a  rapid  and  accurate  method  of  estimating  the  sulphur  avail- 
ble  to  the  acid  maker  in  a  sample  of  pyrites,  J.  Cuthbert  Welch  has 
ubliahed  the  foUowing^in  the  AnaXyni :— Place  '5  gmu  of  pyrites  in  a 
oroelain  boat  in  a  combustion  tube,  heat  to  redness,  pass  oxygen* 
Ter  till  combustion  is  complete,  and  absorb  the  gas  formed  in  about 
0  CO.  of  a  solution  of  bromine  in  a  mixture  of  equal  parts  of  hydro- 
Uorio  acid  (sp.  gr.  1  *  1)  and  water,  in  potash  (or  preferably  nitrogen) 
albs.  Wash  out  the  solution  into  a  beaker,  boil,  precipitate  by 
aQing  solution  of  barium  chloride,  cool,  filter,  and  wash,  dry,  and 
;nite  the  barium  sulphate. 

The  annual  production  of  iron  pyrites  in  the  United  Kingdom  is 
5,000-20,000  tons,  valued  at  10-12«.  a  ton.  The  cinders  are  deprived 
r  the  copper,  silver,  and  gold  which  they  may  contain,  and  the  residue 
r  iron  oxide  is  converted  into  an  excellent  pigment.  In  America 
soot  100,000  tons  of  pyrites  residue  is  thrown  aside  annually, 
mtaining  about  55  per  cent,  iron,  8  silica,  3  alumina,  2  sulphur, 
zinc,  and  \  copper. 

*  The  oxygen  should  be  prepared  from  pure  potaadam  chlorate  in  glass  Tessels, 

at  anv  imte  in  an  iron  one.  Kept  specially  for  the  purpose,  and  the  gas  should  be 

■aed  through  a  strong  solution  of  potash  in  the  bulbs,  through  a  U-tube  oon- 

ming  oaldnm  chloride,  and  lastly  either  through  another  calcium  chloride  tube 

,  preferably,  orer  phosphoric  anhydride  before  use. 
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BEFBACTORY  MATERIALS. 
(See  also  Clay,  p,  185.) 

An  absolute  essential  in  metallurgical  processes  connected  with  iron 
and  steel  is  a  refractory  material  capable  of  much  greater  resistance 
to  chemical  action,  and  possessing  a  far  higher  melting  point  tlian 
any  body  which  contains  silica,  because  the  latter  will  melt  and  sweat 
off  in  the  furnace,  even  though  it  be  not  exposed  to  bases  that  fora 
fusible  compounds  with  silica. 

Lime  and  magnesia  are  in  themselves  as  refractory  to  heat  as  the 
best  other  materials,  not  a  trace  of  melting  being  shown  on  piecei 
exposed  to  the  highest  temperatui-e  of  steel-melting  furnaces.  It  is  a 
different  matter,  however,  when  lime  and  magnesia  are  subjected  botb 
to  chemical  action  and  elevated  temperatures. 

Experience  has  shown  that  no  natural  product  can  be  used  directly^ 
owing  either  to  uncertainty  of  composition  or  to  scarcity.  The 
available  substances*  that  may  be  used  in  combination  or  after  treat- 
ment  are  bauxite,  chrome-iron,  Ume,  dolomite,  magnesite — (when  it 
does  not  contain  too  much  silica,  which  is  seldom), — and  artifidallj 
prepared  ma^esia. 

Bauxite  is  comparatively  rare,  and  of  uncertain  composition; 
little  silica  or  an  excess  of  oxide  of  iron  makes  it  fusible ;  pure  as 
burned,  it  is  not  plastic,  and  must  be  mixed  with  some  aluminoi 
material.  Thus  it  cannot  be  used  on  a  very  large  scale,  and  has  onl; 
been  successfully  applied  to  the  separation  of  the  basic  and  ad< 
materials  in  the  basic  open-hearth  prooess. 

Chrome-iron  is  used  in  large  pieces  for  lining  the  cupolas  ftic 
burning  dolomite,  and  is  generally  crushed  and  mixed  with  tar  to 
form  the  junction  between  the  basic  and  silicious  material  in  th« 
open-hearth  furnaces. 

Lime  and  dolomite,  alone  or  together,  or  magnesia  extracted  from 
dolomite  by  some  chemical  process,  seem  to  be  the  only  matenab 
available  for  basic  refractory  linings.  Limestones  will  answer  well 
provided  they  contain  a  small  proportion  of  clay.  If  the  limestone  is 
pure,  it  is  difficult  to  bum ;  if  too  impure,  it  is  very  likely  to  frit  a 
to  fuse.  It  has  been  found  that  8  per  cent,  of  foreign  matters  doe« 
not  affect  it  seriously,  but  of  this  percentage  some  should  be  aluminai 
and  as  little  silica  as  possible ;  iron  is  to  be  avoided.  Dolomite  maj 
be  used  either  by  itself  or  simply  for  the  magnesia  which  is  extracted 
from  it  It  is  impossible  to  say  just  how  much  or  how  little  foreign 
matter  it  should  contain  to  be  of  the  greatest  utility.  Whether  it  ii 
to  be  used  by  itself,  or  the  magnesia  is  to  be  extracted  from  it,  tha 

^  T.  Egleaton,  *•  Basic  Befraciozy  Materials,"  Trans.  Amer.  Inst  Min.  Eog^  xh. 
455. 
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igher  its  contents  in  magnesia  the  better.  Dolomite  contains  gene- 
dlj  2-3  per  cent,  of  silica,  2-3  per  cent,  of  iron,  and  30  per  cent,  of 
laf^esia  carbonate.  Lime  is  expensive  when  burned  at  the  same 
igh  temperature  as  dolomite ;  and  there  is  very  little  if  any  advan- 
ige  in  nsing  it. 

Owing  to  the  difficulty  of  finding  a  limestone  that  will  answer  all 
onditions,  dolomite  is  generally  used,  for  though  the  magnesia  is  not 
idiroensable,  a  favourable  combination  of  constituents  is  usually 
land  associated  with  it.  Yet  it  seems  likely  to  be  replaced  by 
rtifioially  prepared  magnesia.  Native  magnesia  carbonate  is  costly, 
Qt  if  it  could  be  had  free  from  silica,  it  would  afford  a  most  useful 
ttterial  after  calcination. 

\Nasum  made  a  number  of  experiments  under  the  conditions  of 
otnal  practice  on  bricks  made  of  dolomite,  lime,  mamesia,  and 
la^esite,  using  different  binding  material  and  additions,  whose 
ebon  upon  the  base  was  to  be  examined.  These  bricks  were  pressed 
Kth  as  little  water  as  possible  in  iron  moulds,  dried,  and  were  then 
zpofied  to  the  highest  white  heat  attainable  in  kilns  used  for  making 
wic  Bessemer  brick,  the  shrinkage  being  simultaneously  noted.  A 
art  were  kept  in  the  dry  air,  in  order  to  test  their  resistance  to 
inntegration. 

A  second  set  was  heated  to  redness,  when  red-hot  was  cooled  in 
fiter,  and  was  then  kept  in  the  air  until  it  disintegrated ;  while  a 
bird  set  was  treated  in  the  same  manner,  but,  after  cooline  in  water, 
iu  again  heated  to  redness,  and  thus  kept  till  the  brick  feU  to  pieces. 
^  crude  materials  used  had  the  foUowmg  composition : 

Dolomite.         Magnestte. 
P«r  cenL  Per  oeoi. 

Lime 31*62  1*69 

Magnesia 2019  44*98 

Silica 1*70  0*10 

Almnina 0*09  0*84  * 

Iron  protoxide  ..      ..      1*22  1*68 

Manganefle  protoxide      trace  0*29 

Garbouioaoid 43*35  50*57 

Total      100-17         100*00 

LiiDMtoiie. 

Carbonate  of  lime 98*80 

Inaolnble  residue 1*07 

Total      99*87 

The  magnesia  was  prepared  by  burning  the  magnesite  at  a  white 
lett 

Many  experiments  were  carried  out  with  each  of  these  four 
ftaterials,  in  order  to  test  the  action  of  clay  (with  49*4  per  cent. 
Oica^  silica,  phosphoric  acid,  oxide  of  iron,  sesquioxide  of  iron, 
ttqmoxide  of  manganese,  and  a  basic  converter  cinder. 

The  latter  had  the  following  composition : — 8*14  per  cent,  silica, 
18*25  lime,  4-65  magnesia,  15*84  phosphoric  acid,  9*48  protoxide 
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of  iron,  and  6  *  14  peroxide  of  iron.  In  the  case  of  dolomite  the  inTes- 
tigation  embraced  experiments  on  the  action  of  protoxide  of  iron, 
phosphate  of  protoxide  of  iron,  and  phosphate  of  peroxide  of  irosu 
Wasum  tabulated  the  resolts,  and  draws  from  them  the  following 
conclusions : — 

(1)  Oood  brick  may  be  made  of  dolomite,  limestone,  and  of  mag- 
nesia burnt  at  a  white  heat,  without  the  addition  of  any  binding 
material.  This,  however,  is  not  the  case  with  magnesite,  because 
the  latter,  when  ground,  is  not  sufficiently  plastia  Much  finer  brids 
are  obtained  when  clay  is  added ;  and  under  these  conditions,  eTeii 
magnesite  yields  faultless  brick.  Unless  the  new  material  used  las 
the  manufacture  of  the  brick  is  very  inferior,  the  addition  of  clay  may 
go  as  high  as  5  per  cent,  without  materially  affecting  the  re&actory 
character  of  the  brick.  They  must  be  burned  at  the  highest  white 
heat  for  a  long  time. 

(2)  Dolomite  and  lime  bricks,  made  without  any  binding  material, 
will,  on  an  average,  last  3  weeks  in  dry  air.  Bv  the  addition  of  day. 
their  durability  is  materially  increased.  Bricks  made  of  magnesia 
or  magnesite,  with  or  without  clay,  last  more  than  3  months.  Tbe 
temperature  at  which  the  bricks  have  been  burned  greatly  influences 
their  durability.  The  higher  it  has  been,  the  better  the  bricks  ia 
this  respect.  In  practice,  bricks  from  the  same  kiln  will  show  marked 
differences  in  regard  to  resistance  to  weathering,  a  fact  attributed  to 
differences  in  the  temperature  of  burning.  It  is  important,  therefore, 
in  designing  kilns,  to  have  the  flues  so  arranged  that  the  tempeiatore 
is  uniform  throughout 

(3)  Dolomite  and  lime  brick,  cooled  with  water  when  red-^iot, 
fall  to  pieces  very  rapidly ;  but  this  disintegrating  process  is  much 
retarded  by  adding  clay  in  their  manufacture,  in  direct  pro^rtion  to 
the  percentage  added.  When  the  bricks  are,  after  cooling  wiUi  water, 
reheated  to  redness,  they  do  not  entirely  recover  their  resistance  to 
weathering,  but  it  takes  a  few  days  longer  for  them  to  disintegrate. 
Cooling  with  water  has  little  effect  on  magnesia  and  magnesite  brick. 
They  had  not  fallen  to  pieces  after  they  had  been  kept  a  year.  More  or 
less  all  basic  brick  crack  by  cooling  in  water  when  red-hot,  but  tLei« 
cracks  are  rarely  so  large  that  they  break  at  once.  Whon,  howcTer, 
disintegration  sets  in,  the  bricks  split  in  the  direction  of  these  cracks^ 
generally,  in  conformity  with  their  form,  at  right  angles  to  their  two 
axes.  In  the  case  of  magnesia  and  magnesite  bricks,  also,  a  slight 
disintegration  is  noticeable,  it  being  possible,  after  a  few  months,  to 
break  them  by  strong  pressure  of  the  hand  in  the  direction  of  the* 
cracks.  The  surface  of^these  cracks  is  dull,  while  the  fracture  of  tin 
brick  is  otherwise  brightly  crystalline. 

(4)  Dolomite,  lime,  and  magnesite  bricks,  unless  made  of  impnre 
material,  shrink  about  24  per  cent,  when  exposed  to  the  highest 
white  heat.  Bricks  made  of  strongly  calcined  magnesia  shrink  (mly 
4  per  cent.  All  substances  that  tend  to  decrease  Sie  refractory  chi 
racter  of  basic  bricks  increase  their  shrinkage. 

(6)  Lime  and  dolomite  bricks  are  equafiy  attacked  by  the  cindd 
formed  in  metallurgical  processes,  while  magnesia  bricks  show  mnci 
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Dore  resiBtanoe.  The  oxides  of  iron  are  the  worst  enemies  of  basic 
tnicks,  and  therefore  particular  pains  must  be  taken  in  choosing  raw 
naterials,  with  the  view  of  having  them  as  free  as  possible  from 
nddes  of  iron,  which  make  the  bricks  less  refractory  without  at  the 
tune  time  increasing  their  durabilitj  in  dry  air.  Silica,  phosphoric 
idd,  and  the  oxides  of  manganese  are  not  so  destmctiye  to  basic 
ffick. 

Simimarising,  Wasmn  states  that  undoubtedly  the  best  material 
or  basic  bricks  is  magnesia  preheated  at  the  highest  white  heat. 
Phe  bricks  made  from  this  material  are  remarkaUe  for  their  dura- 
bility in  dry  as  well  as  in  moist  air,  for  their  power  of  resistance  to 
be  action  of  cinder  at  high  temperatures,  and  for  the  small  amount 
I  shrinkage. 

One  great  practical  drawback  to  the  lime  and  dolomite  bricks  is, 
hat  they  disintegrate  in  so  comparatively  short  a  time,  so  that  it 
I  impossible  to  manufacture  a  laree  stock  of  them.  The  heavy 
hrinkage,  too,  is  disagreeable,  leadmg  to  the  production  of  very 
uny  irr^ularly  shaped  bricks,  and  causing  large  joints  in  the 
uaoniy,  which  in  turn  lead  to  its  rapid  destruction. 

All  these  drawbacks  disappear  with  the  magnesia  brick.  But 
beir  cost  excludes  them,  and  they  would  be  available  only,  if,  at 
resent  prices,  they  would  last  3  to  4  times  longer  than  lime  or 
olomite  brick.  Practical  experience  has  shown,  however,  that  their 
SQBtanoe  to  the  action  of  cinder  is  not  much  greater. 

The  compounding  of  a  basic  brick  from  several  constituents 
eoessitates  the  complete  pulverising  and  mixing  of  the  materials, 
Aking  them  up  into  bricks,  and  then  burning  and  remnding  them. 
he  material  must  be  calcined  so  long  and  at  such  a  hi^  tem- 
»rature  that  it  will  not  afterward  either  slack,  except  upon  long 
cposure,  or  contract  at  any  heat  to  which  it  may  be  put  in  the  con- 
irter.  The  calcination  must  be  done  with  care,  since  it  is  desirable 
tat  the  pieces  burned  should  not  split  under  the  influence  of 
iat,  and  that  there  should  not  be  a  large  amount  of  fine  material 
x)duced.  This  consideration  is  important  and  affects  the  cost 
ifavourably. 

Magnesia  prepared  artificially  was  used  at  Horde  for  several  years, 
tt  was  found  too  expensive. 

At  Horde  magnesia  was  extracted  from  dolomite  on  a  large 
de,  and  had  the  advantage  of  being  perfectly  homogeneous  and 
nost  pure;  it  could  be  stored  much  longer  than  dolomite  bricks, 
^o  processes  were  used,  equally  simple  and  good.  Dr.  Scheibler's 
ocess  consists  in  burning  the  dolomite  to  £ive  off  the  carbonic 
id,  and  then  making  a  thick  milk  of  it  with  water.  Into  this  is 
ored  water  containmg  10  to  15  per  cent,  by  volume  of  molasses. 
ie  mixture  is  carefully  stirred  witn  a  mechanical  stirrer.  In  a  few 
iments  saocharate  of  lime  is  formed,  and  remains  in  solution  while 
e  magnesia  is  precipitated.  Put  through  a  filter-press,  the  m^nesia 
uains  behind  and  the  saocharate  of.  lime  passes  through.  Tliis  is 
?n  treated  with  carbonic  acid  (which  precipitates  the  lime  as  car- 
oate)  and  put  through  a  filter-press;   the  lime  after  washing  is 
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used  or  thrown  away;   and  the  molasses  is  used  over  again.    The 
composition  of  the  magnesia  so  obtained  was : 

Per  ccdC 

Silica,  iron  oxide  and  alumina      1*47 

Lime , 2*18 

Magnesia .'     ..      ..     95  99 

99-64 

The  loss  in  molasses  was  5  to  10  per  cent.,  and  too  large  for 
economical  \aantifiEtcture,  thongh  the  qualities  of  the  bricks  were 
imexceptionable. 

Closson's  process  is  based  on  the  use  of  magnesium-chloride,  a 
by-product  of  the  manufacture  carried  on  at  Stassfurt.  A  quantity  (rf 
the  Stassfurt  magnesium  chloride  is  added  to  dolomite  which  has  be^ 
burned  and  made  into  a  milk,  both  being  mixed  together  with  sufficient 
water  in  an  agitator.  The  reaction  takes  place  rapidly,  and  when  quite 
complete  the  tub  is  tapped  from  the  bottom  and  its  contents  are  nm 
through  an  ordinary  sugar  filter-press.  The  lime  chloride  runs  out 
and  leaves  the  pure  magnesia  hydrate  in  the  filter.  This  is  carefiilly 
washed  with  water,  and  the  lime  chloride  is  collected  in  a  basin.  To 
utilise  this  material  it  is  carried  to  a  receptacle  like  that  in  which 
blast-furnace  gases  are  washed,  except  that  revolving  wheels  etii 
the  chloride,  making  a  thorough  mixture  of  the  gases  and  liqnid. 
Two  of  these  receptacles  are  placed  together  back  to  back.  A  \TdT« 
which  can  be  reversed  sends  the  gases  to  either  side,  and  thus  kee] 
up  a  continuous  working.  Into  this  box  a  quantity  of  freshly  bum 
dolomite  is  put,  together  with  the  lime  chloride.  The  blast-^ 
gases  passing  through  precipitate  the  lime,  have  their  carbonic  aci< 
or  a  part  of  it  removed,  and  are  thus  rendered  more  oombustibL 
They  deposit,  besides,  a  considerable  quantity  of  the  solid  materi  ^ 
carried  off  mechanically  with  them  and  are  thus  cleansed.  Magnesi 
chloride  is  re-formed  and  remains  in  solution.  The  liquor  drawn  ol 
is  filtered ;  the  mud  and  lime  carbonate  are  thrown  away ;  and  tlij 
magnesium  chloride  is  used  over  again.  There  is  a  loss  of  5  to  6  p« 
cent,  of  chloride  of  magnesium.  The  magnesia  obtained  by  ^ 
method  is  made  into  bricks  and  burned.  It  is  then  reduced  t 
powder,  mixed  with  a  little  water,  and  formed  into  bricks  of  anj 
shape  in  a  hydraulic  press,  which,  with  4  men,  makes  4000  smaJ 
bricks  a  day,  two  at  a  time.  The  same  press  is  used  for  the  Ui 
bricks.  After  a  few  hours'  standing  in  a  dry  place  the  bricks  aa 
quite  hard.  The  filter-press  makes  one  filtering  and  washing  i| 
45  minutes,  and  contains  25  moulds,  turning  out  about  a  ton  of 
nesia  a  day.  To  produce  the  ton  of  magnesia,  about  3000  lb.  < 
dolomite  and  20,000  lb.  of  magnesium  chloride  are  required.  Tli 
total  cost  is  about  49.  per  ton.  The  analysis  of  the  magnesia  pr« 
duced  is : 

PeroenL 

Silica,  iron  oxide,  alumina     1*05 

Lime 1-94 

Magnesia 96*90 

98-99 
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The  difference  between  tbe  products  of  the  two  processes  is  liardly 
)pfeciable,  and  they  are  nearly  alike  in  cost.  Olosson's  process  is 
ily  applicable  in  the  vicinity  of  works  like  those  of  Stassfurt. 
sheibler's'can  be  nsed  wherever  molasses  can  be  had  at  a  moderate 

306. 

Magnesia  is  made  out  of  sea-water  (which  contains  about  4  lb.  as 
doride  or  sulphate  in  1  <mb.  yd.  of  water)  on  a  large  scale  on  the 
Mediterranean  coast  of  France,  at  Aigues  Mortes,  with  milk  of  lime, 
he  sea-water  is  pumped  into  a  tank  made  of  masonry,  and  milk  of 
me  in  the  proportion  of  1  •  5  per  cent,  of  lime  for  every  1  per  oient. 
'  magnesia  is  pumped  into  it  at  the  same  time.  From  here  it  flows 
to  two  similar  tanks,  where  the  two  liquids  are  mixed  mechanically, 
id  then  filtered  into  shallow  excavations  about  1000  ft.  long  and 
>  ft  wide,  on  the  bottom  of  which  is  a  bed  of  clean  beach-«and. 
lien  enough  has  collected,  the  stream  is  turned  off,  and  the  pre- 
pitate  is  allowed  to  dry  in  the  sun,  taking  20  to  30  days ;  in  winter 
niTwt  be  artificially  dried.  The  dried  material  is  calcined  at  white 
eat,  ground,  and  made  into  bricks. 

Magnesia  has  great  advantages  in  simplicity  of  operation  and 
liformity  of  product ;  the  amount  necessary  for  a  ton  of  steel  is  only 
le-third  as  much  as  is  required  of  dolomite,  while  it  lasts  much 
Dger  in  the  converter.  It  can  be  made  into  bricks  by  mixing  with 
ster  only ;  and  the  bricks  can  be  kept  much  longer,  and  resist 
^esbnre  at  least  as  well  as  the  others. 

All  substances  .used  for  the  manufacture  of  basic  refractory 
ftterials  must  be  calcined  at  a  very  high  temperature,  in  order  to 
ile  it  certain  that  no  subsequent  change  of  form  by  contraction 
ill  take  place.  Of  the  two  general  methods  of  calcination,  the  first, 
hich  is  very  generally  employed,  is  carried  out  in  the  shaft  fomace ; 
ie  Becond,  in  some  kind  of  gas  famace,  the  object  in  this  case  being 
5  only  to  have  a  very  high  temperature,  but  also  to  avoid  the 
trodaction  of  silica  or  other  impurities  which  come  from  the  ashes 
the  coke.  It  has  been  found  expedient,  in  most  works  in  England, 
bum  in  cupolas,  raising  the  temperature  to  a  white  heat,  and  then 
lecting  from  the  product  those  pieces  only  which  are  of  a  certain 
lour,  rejecting  every  piece  not  sufficiently  burned,  or  which  shows 
tj  kind  of  agglomeration,  and  breaking  off  any  adhering  silicious 
ftterial  formed  by  the  ashes  of  the  fuel. 

Objections  to  the  cupola  are,  that,  as  the  temperature  cannot  be 
plated,  there  is  danger  that  the  dolomite  will  not  be  heated 
fficiently  to  prevent  further  shrinkage  in  the  converter;  that  it 
ikes  a  considerable  quantity  of  fine  dust  by  abrasion  ;  and  that  the 
h  of  the  fuel  is  likely  to  form  more  or  less  fusible  silicious  attach- 
ents  to  the  pieces.  As  it  in  quite  impossible  to  always  have  a 
Tfectly  pure  coal,  the  material  will  frit  and  form  engorgements  in 
fi  furnace  which  after  a  time  force  it  out  of  blast.  This  is  partly 
oiedied  by  having  the  centre  on  wheels.  But  the  labour  entailed  is 
eat 

Continuous  regenerative  calcining-fumaces  use  less  fuel  than 
«  cupola,  and  are  free  from  the  objections  just  named ;  so  that,  by 
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ittle  of  the  material  is  damaged.  The  heartihs  onl; 
oes  are  made  of  basic  material,  the  sides  and  roof  booni 
!io  inconvenience  results  &om  this,  since  the  mateiu 
d  does  not  touch  the  sides  of  the  f  amaoe  at  alL  Con 
ttle  fuel  is  burned  in  order  to  produce  the  temperatoi 
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SALT. 

DoiQfON  salt,  sodium  chloride,  is  one  of  the  most  widely  distributed 
mineials,  ocourrin^  in  varying  proportions  in  all  sea-water,  as  well  as 
in  enormous  beds  in  strata  of  certain  geological  ages. 

To  oommence  at  home,  the  features  of  uie  remarkable  salt  beds  df 
Cheshire  are  of  special  interest,  commercial,  domestic,  and  historical. 
Fhe  formation  of  the  ^'  meres,"  so  peculiar  to  Cheshire,  is  believed  to 
laye  been  due  to  the  solution  in  past  ages  of  beds  of  rock-salt  lying 
it  great  depths  below  the  surface.  The  depth  of  the  water  in  one  of 
iiQse  meres,  at  Bostheme,  has  never  been  accurately  ascertained. 

The  area  of  the  district  in  which  the  saliferous  marls  have  been 
lepoflited  is  computed  at  700-800  square  miles.  These  marls  rest 
^efly  upon  red  and  variegated  sandstones,  the  exceptions  beine 
Mefly  south  of  Macclesfield  and  beyond  the  east  of  Congleton  to  Odd 
{ode;  and  also  in  part  of  Lancashire,  where  they  rest  upon  the 
^boniferous  formation.  Beyond  Frodsham,  extending  in  a  westerly 
nd  then  in  a  northerly  direction,  the  salt  deposits  in  the  geological 
pochs  seem  to  have  been  formed  in  what  is  now  occupied  by  part  of 
06  estuary  of  the  Mersey.  Li  the  salt  districts  of  Cheshire,  outcrops 
f  the  saliferous  marls  and  marlstones  exist  in  several  localities,  as  at 
Lcton  and  Winsford. 

No  outcrop  of  rock-salt  now  remains  in  the  salt  districts  of  the 
Jnited  Kingdom.  The  depth  to  the  top  of  the  salt-rock,  called  the 
ock-head,  is  132  ft.  at  Nortiiwich,  and  195  ft.  at  Winsford,  whilst  at 
Gddlewioh  no  rooknBalt  has  yet  been  discovered. 

Geologists  are  not  agreed  as  to  the  manner  in  which  these  enor- 
lOQB  beds  of  rock-salt  were  formed.  There  is,  however,  a  leaning  by 
nnpetent  observers  to  the  theory  that  during  the  Permian  age 
Dooessive  subsidences  and  upheavals  of  the  land  took  place ;  that  at 
kch  depression  of  the  surface  the  sea  overflowed  an  extensive  low- 
ring  area,  where .  eventually  a  deposit  of  salt  was  formed  by 
raporation ;  and  that  by  repetitions  of  this  process  the  vast  beds 
iiich  we  now  find  were  accumulated.  Li  a  rough  way,  the  thickness 
f  the  beds  has  been  averaged  at  150  ft.,  and  the  extent  20  miles  by 
2  or  15  miles ;  but  this  extent  has  not  been  actually  proved. 

Practically,  the  deposits  are  considered  inexhaustible.  The  upper 
irfaoe  of  the  rock-salt  appears  to  undulate  similar  to  the  undulations 
r  the  surface  of  the  ground.  It  is  upon  the  top  bed  of  the  rock-salt 
lat  the  brine  called  rock-head  brine  ordinarily  lies. 

The  raising  of  rock-salt  is  not  now  carried  on  to  the  same  extent 
s  formerly.  Brine  is  abundant,  and  is  more  readily  converted  into 
to  salt  of  commerce,  the  ''  rock  "  produced  by  the  mines  being  used 
Imost  exclusively  in  the  alkali  manufacture.  The  stores  of  brine 
ill  undoubtedly  exist  so  long  as  there  is  plenty  of  rock-salt  to  which 
irfaoe-water,  percolating  through  the  superincumbent  earth  and 
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marl,  can  have  aooess.  The  rock  is  very  readily  converted  into  brine 
by  tiie  simple  process  of  solution,  which  is  ceaselessly  carried  on 
under  ground  by  the  silent  operations  of  Nature.  As  soon  as  it 
reaches  a  certain  depth,  the  water  finds  its  way  into  some  one  of  the 
innumerable  streams  which  are  for  ever  eating  away  the  rock-bead, 
and  flowing,  in  the  form  of  brine,  towards  the  works  where  pumping 
is  carried  on.  These  streams  are  locally  called  "  brine-runs,"  and 
have  been  proved  to  extend  for  miles.  The  law  by  which  they  are 
guided  seems  only  the  requirement  of  a  supply  of  water,  and  descent 
Some  of  them,  as  the  suWdences  show,  take  nearly  straight  courts, 
whilst  others  twist  about  in  various  directions.  The  course  taken 
will  probably  be  where  the  resistance  is  least,  or  where  the  rock- 
salt  is  softest,  or  in  hollows  on  its  surface. 

Our  other  important  salt-field  is  near  Middlesbrough.*  For 
something  like  20  miles  the  river  Tees  flows  through  a  country, 
before  it  reaches  the  North  Sea,  belonging,  geologically,  to  the  Ken 
Bed  Sandstone  formation.  Over  the  salt  area  this  rook  is  rarelj 
visible,  owing  to  a  covering  of  aUuvial  matter  of  great  thickneM. 
On  the  right  bank  of  the  river  the  New  Bed  Sandstone  underlies  the 
Lower  Lias  beds,  which  form  the  Cleveland  Hills  at  this  point;  and 
on  the  left  bank  it  gradually  rises  until  it  reaches  the  surface  neai 
HartlepooL  After  this  the  magnesian  limestone,  upon  which  the  Bed 
Sandstone  rests,  becomes  the  surface-rock  over  the  eastern  portion  d 
the  county  of  Durham.  I 

In  1859,  in  the  hope  of  obtaining  water,  a  well  was  sunk  to  a  dep^ 
of  1200  ft.,  during  the  whole  of  wmch  the  water  was  found  to  con- 
tain so  much  sulphate  of  lime  as  to  be  useless.  At  the  depth  just 
mentioned,  a  bed  of  rock-salt  was  struck,  which  proved  to  haTe  i 
thickness  of  about  100  ft. 

The  method  of  raising  the  salt  to  the  surface  is  by  Bolution,  in 
such  a  way  that  the  column  of  descending  water  is  made  to' raise  tiM 
brine  nearly  as  high  as  the  difierences  of  specific  gravity  between  th« 
two  liquids  will  permit.  Saturated  brine  contams  26^  per  cent  ol 
its  weight  of  salt,  and  has  a  sp.  gr.  of  1  *  204 ;  hence  a  column  of  stk^ 
a  solution  of  997  ft  will  support  one  of  pure  water  having  a  beigW 
of  1200  ft.  In  other  words,  a  column  of  fresh  water  of  1200  ft  will 
bring  the  brine  within  203  ft.  of  the  surface. 

A  hole,  say,  12  in.  diam.  at  the  surface  is  commenced,  and  retaind 
of  this  size  as  long  as  it  is  safe,  on  accouut  of  its  weight,  to  let  dowtl 
a  wrought-iron  tube  something  under  12  in.  diam.  This  tube  basr 
thickness  of  J-in.,  and  is  used  for  the  purpose  of  supporting  the  sides 
of  the  hole.  The  boring  is  thus  continued,  and  a  second  lengtb  ^ 
tube  is  lowered  down  the  inside  of  the  first,  and  so  on  until  ^ 
bottom  of  the  salt-bed  is  reached.  The  portion  of  this  outer  or  retain 
ing  tube,  where  it  passes  through  the  bed  of  salt,  is  pierced  with  tw^ 
sets  of  apertures,  the  upper  edge  of  the  higher  set  coinciding  with  t' 
top  of  the  seam,  and  the  other  set  occupying  the  lower  portion  of 
tube  (Fig.  96).  Within  this  tube  so  placed  and  secured  at  its  Ic 
extremity,  by  means  of  a  cavity  sunk  in  the  limestone,  a  seoond 

*  L.  Bell,  ♦•  Manufacture  of  Stdt  near  Middlesbrough,"  Proc.  Inst  Cir.  Eu^ 
paper  No.  2260. 
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!fl  lowered,  having  an  outer  diameter  2-4  in.  less 
than  the  interior  diameter  of  the  first  tube.  This 
Utter  serves  for  pumping  the  brine.  It  is  secured 
at  its  lower  end  in  the  same  way  as  the  other, 
and  is  then  provided  with  snore  holes,  by  which 
the  brine  is  admitted.  The  pump  itself  (Fig.  97) 
is  an  ordinary  one  fitted  with  a  bucket  and  clack, 
bat,  in  addition,  at  the  surface  is  a  plunger, 
which  serves  to  force  the  brine  into  an  air-vessel 
for  pnrposes  of  distribution.  The  bucket  and 
:kck  are  placed  some  feet  below  the  point  at 
Mrhich  the  brine  is  raised  by  the  column  of 
fresh  water  descending  in  the  annulus  between 
the  two  tubes. 

The  rate  at  which  the  salt  is  dissolved  de- 
pends on  the  extent  of  surface  exposed  to  the 
Ktion  of  the  water.  This  at  first  is  very  slow 
uid  the  quantity  of  salt  for  some  months  fur- 
lished  by  a  well  is  inconsiderable,  and  the  brine 
lifled  is  very  weak. 

When  the  cavity  formed  by  the  water  is  suflfi- 
iently  large  to  admit  of  a  few  hours*  pumping  of  . 
aturated  brine,  the  machinery  is  put  in  motion,  ^ 
(rawing  at  first  the  stronger  brine,  which,  from  ^ 
ts  greater  specific  gravity,  occupies  the  lower  5: 
K)rtion  of  the  cavity.     As  it  is  raised,   fresh    > 
rater  flows  in  through  the  holes  in  the  outer  ^ 
wbe.    The  solvent  power  of  the  newly  admitted  J 
rater  is  greater  than  that  of  water  partially  satu-  ^ 
ated,  and  being  also    lighter   it  occupies  the  ^ 
ipper  stratum  of  the  excavated  space.     The  effect  ^ 
f  these  two  circumstances  is,  the  removal  of  a 
anch  larger  quantity  of  the  salt  on  the  upper 
wface  of  the  seam  than  at  the  lower,  giving  the 
avity  the  form  of  an  inverted  cone. 

It  is  obvious  that  a  mode  of  extraction,  which 
emoves  the  greatest  quantity  of  the  mineral 
rhere  it  is  most  wanted  for  supporting  the  roof, 
inst  always  be  accompanied  by  considerable 
anger  from  falls  of  the  superincumbent  rock, 
^his  danger  is  intensified  in  the  Middlesbrough 
iBtrict  by  a  layer  of  40  ft.  of  sandstone,  lying 
inmediately  above  the  salt,  being  interstratified 
rith  marls,  which,  being  affected  by  the  inflow- 
tig  water,  cause  large  masses  to  be  detached, 
8  is  evidenced  by  occasional  discoloratious  of  the 
irine. 

It  has  been  found  that  some  wells  either  afford 
^eak  brine,  or  the  quantity  of  strong  brine  is 
onsiderably  below  the  average  of  other  stations. 
^e  first  source  of  loss  is,  in  some  cases,  probably 
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dae  to  the  screwed  joints  of  the  pump  not  being  tight,  or  the  metal  itedi 
of  the  pipe  containing  a  flaw.  Either  of  these  defects  permits  wata 
from  the  annnlos  to  enter  the  pnmping-tabe,  thus  diluting  the  brine 
which  of  course  entails  extra  expense  in  evaporation.    Thediminntici 


Fig.  97.— Bbikb  Well  Pump. 


in  the  yield  of  strong  brine  is  possibly  also  due  to  another  caua 
The  rock-salt  contains  a  good  deal  of  earthy  matter,  distribated  i 
layers  throughout  its  mass,  as  exhibited  by  the  following  analysee  :-h 


Salt.  Earthy  mAtt«r,  &c 
a.    98-42  1-58 

6.    87-90  62-10 

0.    45-80  54-70 


Sftlt.  Earthy] ^ 

d.    45*00  55*00 

«.    92*60  7-50 

/.    78-40  21  60 


With  so  much  sterile  matter  to  deal  with,  it  is  not  improbable  th| 
the  sloping  sides  of  the  cavity  may  get  covered  with  a  coating  of  mu 
of  greater  or  less  thickness,  which  probably  interferes  with  the  acti^i 
of  the  water  on  the  salt.  i 

A  pump  is  considered  to  do  good  work  if  it  is  raisini^  brit 
8  hours  in  the  24,  and  producing  enough  to  give  250  tons  of  salt  p^ 
week.  I 

The  Middlesbrough  salt  field  has  been  proved  to  cover  an  area  { 
1\  sq.  miles,  and  each  square  mile  is  reckoned  to  contain  oM 
100,000,000  tons  of  salt.  But  beds  of  salt  are  not  always  wh^ 
geologists  call  "conformable,"  but  rather  what  en^eers  call  "pockotyj 
and  uncertain.    IW  instance  the  rock-salt  mines  in  the  ijdand  i 
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Sidly,  which  ooonr  in  a  district  consiisting  entirely  of  gypsnm  (lime 
salphate)  mixed  with  great  masses  of  clay,  are  very  uncertain,  and  a 
linking  for  rock-salt  is  quite  as  likely  to  find  a  pocket  of  sulphur  as  a 
pocket  of  salt. 

The  consequences  of  removing  100  ft.  of  salt  over  an  area  of  1\ 
niles,  even  ^m  a  depth  of  1000  or  1500  ft,  must  necessarily  be 
terions.  Another  aspect  is  the  injustice  of  one  person  extracting  salt 
lom  another's  property  by  pumping  water  out  saturated  with  brine, 
he  water  finding  its  way  into  neighbours*  territory,  and  thus  robbing 
he  ground  of  its  solid  contents. 

Again,  the  question  arises  whether  economy  is  obtained  by  this 
Dethod  of  extracting  salt  as  compared  with  mining  salt  in  blocks, 
f  the  sinking  of  the  shafts  were  a  less  difficult  matter  than  it  has 
EToved  to  be,  and  than  it  appears  to  be  from  the  nature  of  the  strata 
D  be  pierced,  the  salt  ought  to  be  raised  by  some  other  process ;  but  if 
bere  is  a  bed  of  salt  100  ft.  thick,  of  which  only  a  very  flattened  cone 
I  to  be  ^t  out  round  the  bore-hole,  and  then  fresh  bore-holes  are 
eeded  at  abort  intervals,  obviously  a  great  deal  is  desirable  in  point 
r  economy  of  utilising  the  deposit.  No  doubt  this  method,  taken 
x»m  the  district  of  Lorraine,  has  certain  advantages,  and,  so  far  as  it 
fts  gone,  it  appears  to  be  very  satisfactory;  but  in  Lorraine,  the 
rstem  has  been  sometimes  superseded,  by  afterwards  sinking  shafts 
id  worldng  the  ground  in  a  miner-like  fashion,  on  finding  that  by 
le  old  system  there  has  been  a  vast  amount  of  waste  of  useful  mineittl. 
L  Middlesbrough,  the  deposit  is  so  great  that  it  pays  better  to 
crifioe  some  of  the  mineral  than  to  incur  the  increased  cost  neces- 
ry  to  recover  it  alL  The  estimate  for  sinking  a  shaft  down  to  the 
It  has  been  variously  put  at  100,000/.  to  200,000/.,  while  the  value 
the  prodact  is  only  5«.  or  6«.  a  ton. 

The  G^erman  Government  saltworks  at  Schdnebeck  produce 
GDually  about  70,000  tous.  The  borings  extend  in  a  north-west  to 
Dth-east  direction  for  about  6  miles  in  tiie  alluvial  plain  of  the  Elbe, 
be  salt  deposit,  which  is  in  two  beds  between  the  upper  and  lower 
anbers  of  the  Bunter  Sandstone  series,  is  overlaid  by  the  limestone 
the  Mnschelkalk  and  the  New  Bed  Marl,  the  whole  having  an 
egulax  dip  to  the  south-west.  None  of  these  formations,  however, 
pears  at  the  surface,  which  is  entirely  covered  by  lignite-bearing 
rtiary  strata,  forming  the  flat  ground  by  the  river;  so  that  the 
oovery  bas  been  entirely  made  by  borings  extending  over  a  period 
EDoie  than  30  years. 

The  arrangements  adopted  for  drawing  brine  from  the  borings 
Dpiise  (1}  protection  of  the  purer  portions  of  the  bed  of  salt  firom 
«e  containing  magnesian  salts,  by  a  coating  of  sand  or  concrete ; 

ooatixi^  the  strata  immediately  above  the  salt-bed  with  a  casing  of 
terete,  for  the  double  purpose  of  providing  a  bearing  for  the  lower 
I  of  the  wooden  lining,  and  for  ehutting  off  all  chance  of  the  in- 
ration  of  land  water  from  above  and  the  consequent  introduction  of 
d  and  mnd  into  the  brine;  (3)  protection  of  the  bore-hole  by 
n£.tobes  throughout. 

^^  details  of  one  of  the  borings  are  given  in  illustration  of  these 
nciples.     The  hole  was  bored  14  in.  diam.  to  a  depth  of  326  ft.,  and 
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was  lined  with  a  13-in.  iron  pipe,  below  which  point  it  was  redtioec 
to  12|  in.  down  to  500  ft.,  when  a  diameter  of  8j^  in.  was  adopted  fo 
the  remaining  960  ft.  A  lower  impure  division  of  the  salt-bed  wa 
then  shut  off  by  a  packing  of  sand  and  concrete,  after  which  a  wood^ 

rking  was  put  into  the  hole  immediately  above  the  bed  intended  t 
worked,  and  the  hole  was  lined  for  a  length  of  16  ft.  with  ooo 
orete,  or  to  within  2j^  ft.  of  the  lower  end  of  the  lining-tnbe,  whic 
space  was  made  secure  by  concrete  put  down  the  hole,  in  order  to  ge 
a  tight  joint.  In  every  case  the  hole  was  filled  with  concrete,  whie 
was  allowed  to  set  until  it  was  sufficiently  hard  for  reboring.  Th 
protection  of  the  sides  of  the  hole  from  erosion  by  the  descendin] 
current  of  water  was  effected,  in  the  lower  portion,  of  B^  in.  diam.,lr 
copper  lining-tubes  of  7^  and  7  in.  bore,  made  in  lengths  of  10  ft 
which  were  jointed  by  coupling-pieces  8  in.  long,  and  secured  b 
riveting  and  brazing.  At  the  top  they  were  strengthened  by  a  br» 
collar,  If  in.  thick,  which  lay  in  the  shoulder  formed  by  tiie  o£te 
fix)m  the  smaller  to  the  larger  diameter  at  the  depth  of  500  ft.  Th 
lining  of  the  upper  section,  in  wood,  is  10  in.  diam.  and  1  in.  thic 
for  the  first  500  ft,  being  in  oak  tubing,  built  up  like  a  cask  of  staTa 
10  ft  in  length  ;  the  remainder  is  in  pine,  bored  out  from  the  tmiib 
of  carefully  selected  trees.  The  brine-lifting  pumps  are  made  < 
brass  and  copper  tubes,  whose  diameter  admits  a  space  of  about  2  u 
within  the  Uning-tubes  for  the  introduction  of  the  dissolving  coircii 
of  fresh  water.  This  gives  a  length  of  about  100  ft.  above  the  £n 
level  of  the  brine  column,  which  in  its  turn  is  dependent  upon  th 
magnitude  of  the  fresh-water  column.  The  suction  column,  i.  e.  tk 
position  of  the  foot  valve  of  the  pump  barrel,  is  determined  by  tl 
densitv  of  the  brine.  The  worUng  barrel  of  the  pump  is  made  1 
time  the  diameter  of  the  suction  pipe,  and  the  suction  pipe  about  \  s 
larger  than  the  latter  dimension,  so  that  the  pump  bucket  may  1 
easily  withdrawn  for  repairs  when  required.  When  these  dimensai 
have  been  fixed,  the  weight  of  the  pump  is  calculated  approximate!] 
and  that  of  the  column  of  brine  above  the  valve  accurately,  in  oid 
to  determine  the  necessary  substance  of  the  copper  tubes  and  bn 
collars,  which  are  so  chosen  as  to  be  subjected  to  a  working  strain  y 
one-fourth  of  the  ultimate  resistance.  The  screw  collars  of  the  suotifl 
pipes  are  5  in.  and  those  of  the  rising  pipes  7*8  in.  external  dian 
the  breadth  of  the  annular  space  for  tne  introduction  of  the  woridi 
current  of  fresh  water  is  therefore  1  in.  in  the  lower  and  1  *  2  iiL  i 
the  upper  part  of  the  hole. 

The  results  obtained  from  these  borings  have  not  quite  fdlfiUe 
the  expectations  of  their  projectors.  A  tolerably  pure  and  stro^ 
brine,  containing  24j^  to  25  per  cent,  of  salt,  has  been  obtained  fra 
some  of  the  bore*holes,  while  others  only  average  21  per  cent.,  •■ 
some  are  often  muddy.  Experience  seems  to  show  that  the  yield  i 
dependent  more  upon  peculiarities  in  the  bed  of  salt,  than  on  d 
power  of  the  pumping  machinery ;  and  that  in  order  to  obtain  ban 
at  a  maximum  of  concentration,  the  pumping  must  not  exceed  a  ori 
tain  speed.  This  maximum  has  been  attained  in  a  well  which  yiflN 
per  minute  an  average  of  about  4  cub.  ft.  of  brine,  containing  18*ifl 
of  salt  per  foot,  mien  pumped  at  a  more  rapid  rate  tiie  brioB  1 
weaker,  and  not  so  well  suited  for  boiling  down. 
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The  brine  as  ptunped  needs  further  treatment  to  yield  its  salt.  In 
ills  oonneclion  the  reader  may  be  reminded  that  most  of  the  sub- 
itanoes  designated  saline  are  more  soluble  in  hot  than  in  cold  water. 
rhe  ordinary  way  of  obtaining  such  bodies  in  the  crystalline  form,  a 
)rooe88  employed  to  free  them  from  any  impurities  they  may  contain, 
oluble  as  well  as  insoluble,  is  first  to  make  a  saturated  solution  in 
tot  water.  This  is  allowed  to  cool,  when  the  difference  in  the 
[oantily  capable  of  being  dissolved  in  hot  water  and  in  cold  is 
epoflited  in  the  form  of  crystals.  The  crystals,  so  obtained,  usually 
ontain  varying  quantities  of  solidified  water,  known  as  the  water  of 
ijstallisation. 

Gonimon  salt  is  one  of  the  few  exceptions  to  the  law  of  relative 
[»lubility  just  named,  for  it  is  taken  up  almost  as  largely  by  cold 
rater  as  by  hot.  It  possesses  the  further  peculiarity  of  forming 
rystals  freia  from  water  of  crystallisation.  The  former  property 
mders  an  entirely  different  process  necessary  for  obtaining  it  in  the 
rystalline  form  to  that  usually  pursued  in  such  cases.    The  brine  as 

is  delivered  from  the  wells,  is  run  into  a  large  reservoir,  where  any 
Lithy  matter  held  in  suspension  is  allowed  to  settle  to  the  bottom, 
he  dear  solution  is  then  run  into  pans,  60  ft.  long,  20  ft.  wide, 
id  2  ft.  deep.  Heat  is  applied  at  one  end  by  the  combustion  of 
[lali  coed,  beyond  which  longitudinal  walls,  which  serve  to  support 
le  pan  and  distribute  the  heat,  conduct  the  products  of  combustion 
)  tne  &rther  extremity,  where  they  escape  into  the  chimney  at  a 
mperature  of  600°  to  700°  F.  On  the  surface  of  the  heated  brine, 
hich  for  salt  intended  for  the  soda-makers  is  kept  at  about  196°  F., 
mute  cubical  crystals  speedily  form.  On  the  upper  surface  of  these 
her  small  cubes  of  salt  arrange  themselves,  in  such  a  way  that  in 
e  coarse  of  time  there  will  be  a  small,  hollow  inverted  pyramid  of 
ystalliBed  salt.  This  ultimately  sinks  to  the  bottom,  where  other 
lall  crystals  unite  with  it,  so  that  the  ultimate  shape  frequently 
oomies  completely  cubical.  Every  second  day  the  salt  is  ''  fished  " 
f,  and  laid  on  drainers  to  permit  the  adhering  brine  to  run  back 
to  the  pans. 

This  process  of  evaporation  appears  very  simple,  but  for  its  proper 
rformanoe  certain  precautions  are  required.  If  the  water  admitted 
G  the  brine-well  contains  vegetable  substances,  a  fine  covering, 
[isisting  of  salt  and  this  extractive  matter,  forms  a  pellicle  on  the 
riaoe  of  the  brine  which  completely  stops  evaporation,  and,  as  a 
^sequence,  the  generation  of  crystals. 

For  the  production  of  table-salt,  the  boiling  is  carried  on  much 
»re  rapidly,  and  at  a  higher  temperature  (226  F.)  than  for  chemical 
t-  The  crystals  are  very  minute,  and  adhere  together  by  the* 
idification  of  the  adhering  brine,  effected  by  exposure  on  heated 
e&  Tlie  loaves  so  obtained  require  to  be  pounded,  and  then  a^ord 
>  fine  table-salt  in  common  use.  For  fishery  purposes,  the  crystals 
\  pireferred  very  coarse  in  point  of  size,  and  to  produce  these  the 
fcporating  process  is  conduct^  at  a  still  lower  temperature  (100°  to 
irFS)  and  much  more  slowly  than  when  salt  for  the  soda-makers  is 
ight. 

As  already  mentioned,  the  usual  mode  of  evaporating  the  brine  is 
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by  means  of  coal  burned  under  the  salt-pans.  At  the  Clarence  Iron- 
works more  gas  escaped  from  the  blast- furnaces  than  was  required  for 
heating  the  air  and  raising  steam.  The  extent  of  this  excess  ha?ing 
been  ascertained,  large  pans  were  placed  over  properly  constructed 
flues  immediately  behind  the  steam-boilers.  From  these,  by  means  of 
the  waste  heat,  about  200  or  300  tons  per  week  of  salt  is  obtained. 
At  Winsford,  Blagg  has  introduced  hot  air  to  the  fires,  and  finds  that 
he  can  dispense  with  half  his  fireplaces,  saving  fuel  and  labour,  and 
obviating  the  discharge  of  black  smoke. 

In  the  mode  of  evaporating  the  water  by  open  pans,  the  amonnt 
of  fuel  used  is  large.  Even  when  the  brine  is  very  strong,  3  tim«i 
the  amount  of  water  has  to  be  evaporated  as  compared  ¥dth  tk 
amount  of  salt  raised,  and  when  the  solution  is  weaker,  of  course  tk 
proportion  of  water  evaporated  is  still  greater.  In  some  apparatis 
for  evaporating  from  salt  water,  in  order  to  get  distilled  water  i<A 
drinking  purposes,  is  obtained  as  high  an  evaporation  as  27  lb.  cl 
water  for  1  lb.  of  coal  burned,  and  with  another  apparatus  as  much  ai 
45  lb.  of  water  per  1  lb.  of  coal,  which  is  perhaps  10  times  as  high  «a 
the  evaporation  obtained  by  the  open-pan  process.  In  the  one  case  il 
is  the  water  which  is  required,  the  salt  being  thrown  away,  while  ii 
the  other  case  it  is  the  salt  that  is  needed,  and  the  water  is  thron 
away ;  but  the  same  plant  is  applicable  for  both  purposes. 

!m  all  ordinary  pans  the  salt  forms  in  the  hot  brine,  while  ^ 
evaporation  goes  on,  and  falls  on  the  plates  which  form  the  bott^ 
From  time  to  time  the  salt  is  removed  by  rakes  and  shovels,  but  som^ 
salt  or  "pan-scale'*  is  always  lying  on  the  bottom,  impeding  thf 
action  of  the  fire,  and  by  shutting  in  the  heat  causing  the  iron  pktd 
to  bend  and  bum.  A  constant  strain  and  destructive  action  is  tha 
at  work,  and  it  is  no  matter  of  surprise  that  the  pans  often  leall 
About  once  a  week  they  are  "  dodged  "  or  beaten  with  hammeis  u^ 
crow-bars  in  order  to  loa'^en  and  remove  the  hard  pan-soale  whid 
adheres  to  the  plates.  After  this  operation,  leakages  are  more  £n 
quent.  The  effect  of  leakage  is  that  brine  dries  upon  the  fire  or  th| 
heated  brickwork  below,  and  it  there  forms  large  blocks  of  stli 
Some  of  this  is  volatilised  as  salt  vapour  and  carried  away  in  th 
smoke,  or  it  is  decomposed  by  the  silica  of  the  hot  bricks,  and  also  n 
the  sulphurous  acid  of  the  coal  smoke.  When  a  salt-pan  leaks,  thei^ 
fore,  the  smoke  from  the  chimney  connected  with  it  may  contaa 
besides  the  ordinary  coal  smoke,  and  its  accompanying  suli^nnii 
acid  arising  from  the  pyrites  in  the  coal,  the  vapour  of  votatilis^ 
salt,  hydrochloric  acid  and  steam.  These  facts  must  be  borne  in  mii^ 
when  establishing  a  salt-pan  in  populous  districts,  and  due  proviaM 
be  made. 

For  additional  information  on  salt-pans,  the  reader  is  referrei 
Spons'  EncyclopaBdia  of  Manufactures,  art.  "  Salt." 

1  he  yearly  output  of  salt  in  England  is  about  2,000,000 
value  1,000,000/, 

In  India,  the  manufacture  of  salt  from  the  ocean,  in  puis,  eil 
by  solar  or  artificial  evaporation,  has  been  carried  on  since  very  ei 
times,  in  various  districts  and  regions  which  are  adjacent  to  the  oo 
The  industry  is  restricted  to  Eutch,  portions  of  Madras,  Bombay, 
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provinoe  of  Orissa,  in  Bengal,  and  parts  of  Burma.  The  artificially 
er-aporated  salt,  though  of  distinctly  purer  character  than  that  which 
is  produced  by  the  heat  of  the  sun,  is  not  used  by  the  stricter  Hindus, 
M  they  regard  it  as  having  been  cooked,  and  therefore  impure. 

The  Bunn  of  Eutch  is  a  large  sandy  desert  for  9  months  in  the 
^oar,  and  durine  the  remaining  3  is  nearly  covered  by  the  waters 
from  the  Gulf  01  Eutch,  when  it  becomes  a  muddy  swamp.  Below 
^Toand,  in  some  places,  very  strong  brine  is  met  with,  and  this,  when 
properly  treated,  produces  excellent  salt.  The  apparatus  used  for 
mising  the  brine  is  very  primitive,  and  merely  consists  of  a  long  teak 
RX)od  pole,  tied  at  about  a  fourth  of  its  length  to  a  post  which  is  stuck 
n  the  ground.  To  the  shorter  end  of  the  pole  is  affixed  a  bcdance 
weight,  formed  of  a  lump  of  mud,  bound  to  the  pole  with  coir-line. 
To  the  lighter  and  longer  end  of  the  pole  is  attached  a  thin  rope,  and 

0  this  is  slung  an  earthenware  pot.  These  machines  are  generally 
rected  in  pairs.  A  hole  in  the  ground  having  been  dug,  the  work- 
aan  pnlls  down  the  ehaUy^  or  earthen  pot,  into  the  brine  at  the 
ottom  of  the  hole,  the  depth  of  which  is  8-12  ft.     When  the  chatty 

1  foil,  the  man  allows  it  to  ascend  by  means  of  the  balance-weight, 
nd  empties  the  contents  into  a  small  channel,  formed  of  earth,  a  little 
bove  the  eur&ce  of  the  ground.  This  channel  leads  the  brine  into 
ana  for  evaporation  by  the  heat  of  the  sun.  The  pans  consist  merely 
fa  rectangular  piece  of  ground,  perhaps  200  ft  long  by  100  ft.  wide, 
nciosed  by  ridges  of  earth  1  ft.  high.  This  process  of  evaporation 
Dd  continued  supply  of  brine  is  carried  on  until  the  contents  of  the 
ftns  are  reduced  to  a  mass  of  beautiful  large  white  crystals,  some  of 
^hich  are  1  in.  diam. 

The  soil  of  many  parts  of  India  is  largely  charged  with  a  variety 
r  salts,  the  concentration  of  which  has  resulted  from  a  high  degree 
ratmoepberic  evaporation,  unaccompanied  by  subsoil  drainage.  The 
ITect  of  irrigation  on  such  lands,  even  with  the  pure  water  of  the 
an^es  canal,  has,  in  not  a  few  cases,  produced  sterility  in  a  manner 
hich  admits  of  a  very  simple,  though  not  at  first  sight  obvious 
Eplanation.  It  is  that  the  general  level  of  the  highly  saline  subsoil 
ateis  has  been  raised  to  a  level  where  they  can  act  prejudicially  by 
le  deposition  of  the  efflorescent  salts,  collectively  called  reh.  The 
reparation  of  salt  by  lixiviation  of  such  saline  earths,  though  once 
rgely  practised,  is  now  nearly  extinct. 

Saline  springs  and  wells  are  very  abundant  in  parts  of  Assam, 
urraa,  and  the  Punjab.  As  in  other  parts  of  the  world,  they  fre- 
lently  occur  in  conjunction  with  petroleum  springs.  Wells  have 
»en  need  in  many  parts  of  India  to  extract  the  above  natural  subsoil 
iline  -waters,  from  which  very  large  quantities  of  salt  have  been,  and 
ill  are,  manufactured. 

There  are  also  in  India  some  notable  examples  of  lakes  which, 
ivin^  more  or  less  extensive  drainage  basins  but  no  outlets,  deposit 
It  when,  during  the  heat  and  drought  of  summer,  the  limit  of 
titration  is  passed.  The  principal  of  these  lakes  are  situated  in  Baj- 
itana,  and  among  them  the  Sambhar  Lake  is  the  most  important  The 
aaniiftctare  of  salt,  since  it  came  into  British  hands,  has  been  largely 
ivdcped,  and  the  total  annual  outturn  now  exceeds  100,000  tons. 
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In  the  Punjab  are  two  distinot  geologioal  formations,  wUd^ 
include  deposits  of  rock-salt  of  enormous  extent.  One  of  these^ 
believed  to  be  of  Silurian  age,  is  situated  in  the  salt  range  on  bot)^ 
sides  of  the  Indus,  while  the  other,  of  probably  Eocene  age,  lieri 
wholly  trans-Indus  in  the  district  of  Eohat  The  former  is  worked 
by  means  of  mines,  and  the  latter  by  open  quarries.  The  produce  ol 
both  is  sold  locally. 

The  manufacture  of  salt,  which  has  been  carried  on  in  China  for  i 
period  of  nearly  2000  years,  is  conducted  somewhat  as  follows.  B^ 
means  of  a  rude  iron  drill,  holes  6  in.  diam.  and  varying  from  a  fe^ 
score  of  feet  to  6000  ft.  or  6000  ft.  in  depth,  are  bored  in  the  rodt 
The  boring  is  sometimes  continued  for  40  years  before  brine  is  reached^ 
and  is  carried  on  from  generation  to  generation.  When  brine  ii 
finally  found,  it  is  drawn  up  by  bullocks  in  long  bamboo  tubes  b^ 
means  of  a  rope  working  over  a  huge  drum.  In  the  vicinity  of  Uk 
salt  wells,  natural  gas  wells  are  also  found,  from  which  gas  is  supplied 
to  evaporate  the  bnne  in  large  iron  cauldrons,  leaving  the  salt  as  i 
deposit.  The  product  in  some  districts  is  enormous.  There  are  Vi 
gas  weUs  and  about  1000  brine  wells  now  in  operation,  producing 
annually  200,000  tons  of  salt,  valued  at  about  1,000,000L 

The  United  States  possess  enormous  salt  deposits.  The  salt  field 
at  Petite  Anse,  Louisiana,  is  about  150  acres  in  extent,  16  to  25  ft 
below  the  ground,  somewhat  triangular  in  shape,  and,  so  far  as  known, 
2500  to  2600  ft.  wide.  From  borings  made  with  a  diamond  drill  some 
4  years  ago,  it  was  learned  that  this  bed  is  over  1000  ft  thick.  hX 
this  depth  the  borings  were  discontinued.  The  most  singular  fad 
about  this  salt  deposit  is  that  it  stands,  so  to  say,  on  its  edge.  Thf 
stratification  is  nearly  perpendicular  from  east  to  west,  indicating  an 
upheaval,  and  what  was  its  original  depth  is  now  its  width.  It  is  al 
present  considered  to  belong  to  the  Tertiary  period,  though  perhapc 
its  true  position  can  only  be  known  with  certainty  when  the  under- 
lying formation  is  reached.  The  salt  occurs  as  a  solid  crystalline  rod[ 
of  a  saccharoidal  texture,  the  individual  crystals  being  indistinctlj 
aggregated  and  interspersed  with  microscopic  crystals  of  gypsum. 
This  salt  is  very  pure,  and  if  it  were  not  for  the  peculiarity  that  it 
"  cakes "  after  being  ground,  it  would  years  ago  have  had  a  muc^ 
greater  and  more  extended  market,  especially  as  a  table  salt. 

The  method  of  mining  is  peculiar,  and  consists  of  a  series  ol 
galleries.  The  galleries  of  the  second  level  are  run  80  ft  in  width 
and  45  ft.  high,  leaving  supporting  pillars  60  ft.  diam.  The  lowes 
pillars  are  so  left  that  the  weight  of  the  upper  ones  rests  upon  tiiem 
in  part,  if  not  wholly,  with  a  thickness  of  at  least  25  ft  of  salt-rock 
between.  There  are  16  to  25  ft.  of  earth  above  the  salt-deposit  The 
contour  of  the  latter  conforms  nearly  with  that  of  the  sur&ce.  The 
working-shaft  is  168  ft  deep.  The  depth  to  the  first  level  or  floor  k 
90  ft ;  to  the  second,  70  ft  farther.  The  remaining  8  ft  are  used  fur 
a  dump.  The  galleries  of  the  first  level  were  run,  on  an  average 
40  ft.  in  width  and  25  ft.  and  upwards  high,  leaving  supporting  pilltfi 
40  ft  diam.  The  galleries  cross  each  other  at  right  angles,  and  tbi 
ground-plan  strongly  resembles  a  chess-board. 

In  running  a  gallery,  the  first  work  is  the  " undercutting"  on  th« 
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level  of  the  floor,  of  snffioient  height  to  enable  the  miners  to  work  with 
BMe.  The  salt  is  then  blasted  down  from  the  overhanging  body.  The 
jreariy  ontpnt  is  about  50,000  tons. 

The  salt  as  it  comes  from  the  mine  is  dumped  into  corragated  oast- 
LTcm  rolls,  which  crush  it.  Next  it  goes  into  revolving  screens,  which 
take  out  the  coarser  lumps  for  '*  crushed  salt,"  and  let  the  fine  stuff 
paas  to  buhr  stones.  These  grind  the  salt,  and  from  them  it  goes  to 
pneumatic  separators,  which  take  out  the  dust,  and  separate  the 
narket  salt  into  various  grades.  Taking  the  dust  out  is  essential  to 
:he  production  of  a  salt  that  will  not  hat  Sen,  since  the  fine  particles  of 
lust  deliquesce  readily,  and  on  drying  cement  the  coarse  particles 
together.  The  drill  used  in  the  mine  is  what  is  known  as  the 
'  Bussian  auger."  It  is  turned  by  hand  and  forced  by  a  screw  of  12 
hreadfl  per  inch.  The  holes  take  cartridges  1^  in.  diam.;  2  men  will 
XWB  76  ft.  of  hole  per  working  day  of  8  hours ;  j  lb.  of  18  per  cent, 
lynamite  is  used  per  ton  of  salt  mined. 

The  salt  found  at  Retsof,  New  York,  when  taken  from  the  shafte, 
B  of  a  grey  colour,  due  to  the  presence  of  finely  disseminated  dark 
;rey  clay,  which,  on  solution  of  the  salt,  sinks,  leaving  a  perfectly 
lear  brine  above.  The  salt  is  mainly  an  aggregation  of  not  quite 
lerfeotly  developed  crystals,  and  when  the  lumps  are  broken  the 
leavage  of  many  of  these  cxystals  is  very  marked ;  the  fracture  is 
oDchoidal.    Large  pieces  of  the  salt  show  stratification. 

This  rock-salt  bed  is  in  Upper  Silurian.  It  extends  east  and  west, 
ccording  to  our  present  knowledge,  from  Madison  County  to  Lake 
Srie,  and  north  and  south  from  Le  Koy  to  Castile.  The  salt  stratum 
I  over  100  ft.  thick.  In  one  well  below  the  Tully  Hills,  Onondaga 
buntj,  it  had  a  thickness  of  310  ft.,  and  in  another  well  228  ft. 
t  extends  under  Lake  Erie,  and  underlies  the  northern  counties  of 
>hio  and  Indiana,  the  entire  peninsula  of  Michigan,  and  the  western 
art  of  the  Province  of  Ontario  along  Lake  Huron  and  the  St.  Clair 
iver.  In  some  parts  of  this  salt  deposit — underlying  thousands  of 
|uare  miles — ^we  find  the  salt  occurring  in  one  vein,  or  even  in  seven 
eins,  with  layers  of  shales  or  clay  between  them  of  varying  thick- 
ess,  and  at  different  depths  below  the  surface.  The  phenomena  are 
(plained  by  events  at  any  of  the  large  salt  lakes  covering  many 
ondred  miles  of  surface.  During  the  hot  summer  months  evaporation 
;  greatly  in  excess  of  the  water  entering  the  lake.  As  evaporation 
rogr^sses,  the  less  soluble  salt,  viz.  tiie  lime  sulphate,  separates 
ret  from  the  water  as  gypsum,  forming  a  layer  over  last  year's  deposit, 
rUowed,  as  soon  as  the  point  of  saturation  of  the  salt  is  reached,  by 
le  latter  in  the  form  of  a  deposit,  which  will  continue  to  increase 
ith  the  advancing  evaporation  until  a  change  in  the  weather  takes 
laoe.  When  rain-water  descends  in  large  quantities  from  the  sur- 
nmding  hills,  carrying  all  the  loose  material  in  its  way  into  the 
raally  dried-up  streams  and  brooks,  they  in  turn  discharge  water 
eavily  laden  with  mud  into  the  lake.  The  heavier  material  settles 
eareat  to  the  lake  shore  on  the  lately  deposited  salt,  forming  a  more 
r  leoB  thick  layer,  which  in  time  hardens  to  shale  or  marl,  while  the 
ghter,  mechanically  suspended  particles  are  carried  farther  out  into 
!ie  lake,  according  to  the  force  of  the  incoming  waters.    They  also 
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finally  settle,  forming  a  much  thinner  layer.  Some  parts  of  the  lake, 
if  it  is  a  very  large  one,  may  not  be  reached  by  the  suspended  matter, 
and  there  no  sediment  is  formed  over  the  salt  below.  Since  the  rain- 
water is  mnch  lighter  than  the  saturated  brine  of  the  lake,  they  mix 
but  slowly,  the  fresh  water  flowing  over  the  brine.  Heavy  froBts 
occur,  and  soon  a  strong  crust  of  ice  covers  the  surface  of  the  entire 
lake.  With  the  returning  warm  weather,  rains  again  set  in,  canyiiig 
a  fresh  load  of  loose  material  toward  and  on  to  the  ice  of  the  lake* 
where  the  ice  keeps  it  from  sinking  to  the  bottom  until  it  becomes  too 
weak  to  bear  the  load,  and  then  both  disappear  below  the  sur&ce 
Thus  also  considerable  quantities  of  this  debris  may  be  carried  by  th« 
floating  ice  into  places  where  there  was  none  before.  Evaporation,  in 
consequence  of  the  elevated  temperature  and  the  ever-moving  air,  soos 
causes  the  lake  water  to  become  saturated  with  lime  sulphate,  whicli 
it  dissolves  from  the  soil  and  suspended  material.  It  separates,  form- 
ing a  new  layer  over  the  bottom  of  the  lake  in  the  form  of  gjrpsom, 
to  be  followed  by  another  layer  of  salt  again  as  evaporation  progresseiy 
and  so  the  process  goes  on. 

There  are  at  present  4  salt  shafts  in  Kansas — ^two  at  Eingmao, 
one  at  Lyons,  and  one  at  Eanopolis — ^with  a  daily  capacity  of  abcn^ 
2000  tons.  Thus  the  United  States  now  have  9  salt  shafts,  with  a 
total  capacity  of  4500  tons  a  day.  The  average  Kansas  rock  salt  does 
not  di£fer  materially  in  appearance  from  the  New  York  rock  salt 
Geologically  this  salt  deposit  is  found  at  the  base  of  the  Triaasie. 

The  great  bulk  of  American  sea  salt  is  obtained  in  California,  in 
the  Bay  of  San  Francisco,  especially  in  the  county  of  Alameda,  when 
there  are  at  present  over  25  worlu.  In  Los  Angeles  and  Scm  Diego 
counties,  bordering  on  the  Pacific,  there  are  also  several  works  in 
which  sea  salt  is  produced.    It  is  all  used  for  home  consumption. 

The  most  important  salt  lake  in  the  United  States  is  the  Great 
Salt  Lake  of  Utah,  which  is  75  miles  long  by  30  miles  wide.  THe 
water  is  said  to  contain  about  20  percent,  of  pure  salt  and  2  per  cent 
of  other  saline  matters. 

The  brines  of  the  United  States  which  serve  to-day  for  the  maniH 
fiacture  of  most  of  the  salt  used  for  domestic  purposes  are  dintribatei 
over  a  very  large  territory,  and  oocur  in  several  geological  formationir 
from  the  Silurian  upward.  As  they  come  from  the  bowels  of  tha 
earth  they  are  often  highly  charged  with  carbonic  acid  gas,  and  ia 
consequence  contain  traces  of  iron  bicarbonate  and  sometimes  of  lime, 
both  of  which  will  separate  almost  entirely  as  soon  as  the  free  car* 
bonic  acid,  the  solvent,  has  escaped,  and  the  iron  has  become  oxidised 
Other  brines  are  often  charged  with  carburetted  hydrogen  to  such  aa 
extent  that  the  gas  has  been  used  as  a  fuel  for  their  evaporatioB. 
Petroleum  is  found  associated  with  some  brines.  Among  the  othff 
impurities,  lime  sulphate  (gypsum)  is  the  most  important,  since  it 
prevents  the  continuous  manufacture  of  salt  by  artificial  heat  in  oob- 
sequence  of  its  tendency  to  bake  on  highly  heated  surfaces,  forming  a 
constantly  increasing  coating  over  them.  This  coating  adheres  wit^ 
such  tenacity  that  it  is  impossible  to  remove  it  sufficiently  while  the 
works  are  in  operation.  Being  a  very  bad  conductor  of  heat,  it 
entails  a  great  expenditure  of  fuel  if  the  operation  is  continued 
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lejond  a  certain  time ;  henoe  the  necessity  oi  interraptiiig  the  pro- 
ess  to  remove  these  scales.  Several  methods  have  been  proposed  to 
precipitate  the  lime  sulphate  from  the  brine  before  the  salt  separates, 
ither  by  snperheatinff  the  brine  or  by  chemical  means ;  but  thus  far 
he  expense  incorred  bv  these  methods  has  been  out  of  proportion  to 
he  benefits  derived ;  hence  the  practical  removal  of  lime  sulphate 
rom  salt  brines  is  even  now  the  most  important  problem  in  connection 
rith  the  manufacture  of  salt  by  artificial  heat. 

The  manufacture  of  salt  from  brines  by  solar  evaporation  is  carried 
D  in  shallow  wooden  vats,  usually  provided  with  movable  wooden 
overs,  which  serve  as  a  protection  during  winter  and  rainy  weather, 
^he  Syracuse  works,  the  most  extensive  in  the  United  States,  have  an 
7aporating  surface  of  over  12,000,000  sq.  ft. 

The  expense  of  making  salt  depends  on  the  strength  and  quality 
f  the  brine  employed,  on  the  kind  of  fuel  and  its  price  and  quality, 
a  the  kind  of  labour  and  the  cost  of  the  same,  on  the  weather,  on  the 
ear  and  tear  and  the  original  cost  of  the  plant,  and,  finally,  on  the 
aality  and  quantity  of  the  salt  made.  From  these  considerations  it 
i  evident  that  the  manufacturing  price  per  barrel  or  ton  of  salt  is 
ifierent  in  every  locality  and  individual  saltwork.  In  Syracuse 
ton  of  anthracite  dust  wiU  produce  8  to  10  barrels  of  salt ;  in  the 
estem  part  of  the  State,  13  to  15  barrels.  In  West  Virginia  and  the 
hio  Valley,  the  product  is  5  barrels;  in  Michigan,  14  to  15 ^barrels 
"e  made  with  the  same  coal.  To  make  a  barrel  of  ordinary  common 
ae  salt,  including  barrel,  costs  in  Syracuse  55  c.  to  60  a ;  in  Western 
ew  York,  45  c.  to  50  c. ;  in  Michigan,  25  c.  to  30  c,  where  wood,  which 

the  refuse  from  saw-mills,  has  been  used  as  fuel.  For  artificial 
raporation,  anthracite  dust,  bituminous  coal,  and  wood  have  served. 

The  production  of  salt  in  the  United  States  has  steadily  risen 
wn  7,000,000  barrels  (of  280  lb.)  in  1885  to  over  10,000,000  in  1891. 

The  rig  adopted  for  working  American  brine  wells  is  a  duplicate 
that  described  under  Petroleum  (see  p.  280).  The  rate  of  pumping 
regulated  so  that  the  brine  is  delivered  with  25  per  cent,  of  salt. 
I  it  comes  up  it  is  full  of  gas,  which  is  mainly  nitrogen  with  a  small 
oportion  of  hydrocarbons.  The  bore-holes  are  arranged  in  fours  at 
e  comers  of  a  square,  wiih  a  diagonal  of  200  ft.  The  brine  is 
livered  into  a  large  storage  and  settling-pond,  whence  it  flows  into 
eet-iron  evaporating  pans.  1  ton  of  salt  costs  Is,  in  labour  and 
cwt.  of  coal,  in  adcdtion  to  ^  cwt.  of  coal  for  pumping.  By  this 
stem,  the  cost  of  a  brine  well  1000  ft.  deep,  including  the  rig,  is 
002.,  and  it  is  drilled  in  3  weeks.  Some  wells  bored  by  the  diamond 
ill,  on  the  other  hand,  cost  30002.  each,  and  took  3  months  to  make. 
le  system  presents,  tiierefore,  great  advantages,  especially  where 
lee  nave  to  be  numerous,  and  where  it  is  not  certain  how  long  a 
^1  will  retain  its  productiveness.  On  the  other  hand,  in  making 
eliminary  explorations  of  a  new  district,  the  diamond  drill  is 
perior,  because  it  famishes  actual  cores. 

There  are  many  other  localities  where  conditions  favour  the  natu- 
l  separation  of  salt  from  sea- water  or  brine,  but  nothing  regarding 
em  is  of  such  a  special  or  remarkable  character  as  to  deserve  de- 
nption. 
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SALTPETRES. 

Two  saUne  mineralB  of  great  utility  and  limited  distribution  ar 
commonly  known  by  the  one  name  of  saltpetre,  though  they  diffie 
essentially  in  composition.  The  more  abundant  is  the  South  America 
saltpetre,  or  sodium  nitrate ;  its  Eastern  ally  is  the  nitrate  of  potadi 

Soda  nUraU. — Often  called  <*  Chili  saltpetre,"  nitrate  of  soda  oocoi 
along  a  considerable  stretch  of  the  Pacific  ooast-line  of  South  Amerioi 
not  confined  to  Chili  alone.  The  saline  beds  so  characteristic  of  tb 
region  are  later  in  a^e  than  the  Tertiary  period,*  and  appear  at  intei 
vaTs  scattered  over  the  whole  of  that  portion  of  the  western  ooast  o 
which  no  rain  falls,  extending  entirely  through  the  desert  of  Atacanu 
and  stretching  more  than  550  miles  north  and  south ;  their  greatea 
development  appears,  however,  between  latitudes  19®  and  25**  S. 

They  are  generally  superficial,  but  occasionally  reach  to  som 
small  depth  below  the  surface,  and  then  may  be  entirely  covered  ove 
by  diluvial  detritus ;  they  always,  however,  show  signs  of  their  ci 
istence  by  saline  efflorescence  on  the  surface  of  the  ground*  whic 
often  covers  vast  plains  as  a  white  crystalline  incrustation. 

The  salts  forming  these  *'  salinas,"  as  they  are  generall  j  t&nosi 
are  combinations  of  the  alkaline  and  earthy  bases,  soda,  lime,  magu 
sia,  and  alumina,  with  hydrochloric,  sulphuric,  nitric,  and  oarbonj 
acids — and  occasionally  with  boracio,  hydriodic,  and  hydrobromi 
acids — and  in  combination  present  themselves  as  the  foUowin 
minerals  in  a  more  or  less  pure  state: — Common  salt,  epsom-sal 
glauber-salt,  thenordite,  glauberite,  soda-alum,  magnesia-alum,  ^ 
sum,  anhydrite,  along  with  calcium  chloride,  sodium  iodide,  bromi^ 
carbonate,  and  nitrate,  and  in  some  places  lime  borate  and  borax. 

With  the  exception  of  the  boracic  acid  compounds,  all  the  minei 
substances  found  in  these  "salinas"  are  such  as  would  be  left 
evaporating  sea-water,  or  by  the  mutual  reactions  of  the  saline  mai 
thus  left  on  evaporation  on  the  lime,  alumina,  and  organic  matl 
found  in  the  adjacent  rocks,  soil,  and  shell-beds ;  and  bea^ring  m  mi 
the  recent  elevation  of  the  whole  of  this  coast,  and  that  no  rain  hXi 
in  these  regions,  it  appears  very  reasonable  to  suppose  that  all  the^ 
saline  deposits  owe  their  origin  to  lagoons  of  salt  water,  the  oommi 
nication  of  which  with  the  sea  has  been  cut  o£f  by  the  rising  of  t£ 
land. 

The  deposits  situated  at  about  2500  to  3500  ft  above  the  preseii 
sea-level  include  the  important  beds  of  nitrate  of  soda,  showing  theri 
selves,  according  to  the  configuration  of  the  coxmtry,  at  distance 
varying  from  10  to  40  miles  inland. 

The  first  step  in  the  formation  of  nitrate  of  soda  appears  to  I 
the  decomposition  of  the  sodium  chloride  (salt)  by  lime  carbonate  (i 

•  D.  Forbes,  **  BoliYia  and  Peru,"  Pioc.  Gaol.  Soc,  Nov.  21, 18Ga  | 
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he  fbnn  of  shell-Band,  fto.)  with  the  production  of  chloride  of  ciil- 
mm  and  carbonate  of  soda,  both  of  which  salts  have  been  shown  to 
«  present  in  quantity  in  the  soil  of  these  nitrate-grounds. 

The  soda  carbonate  thus  eliminated,  when  in  oontact  with  the 
lixtme  of  shell-sand  and  decomposing  vegetable  matter  which  may 
16  expected  to  result  from  the  luxuriant  vegetation  around  a  tropical 
ramp,  and  from  the  abundant  marine  plants  in  the  lagoon  itself, 
ronld  realise  the  conditions  of  artificial  nitre-beds,  substituting  only 
oda  carbonate  for  the  potash  carbonate  there  used. 

In  seeking  for  nitrate  of  soda,  the  searchers  always  look  to  the 
[nng  ed^e  of  such  salt- basins,  and  further  judge  of  the  probability  of 
nding  Uie  nitrate  from  a  peculiar  moist  or  clammy  state  of  the 
roima,  which  is  due  to  the  presence  of  the  calcium  chloride  produced 
^  the  decomposition  above  explained. 

The  mineral  containing  siEiltpetre  is  called  "caliche."  Caliche 
enerally  lies  at  depths  of  3  to  30  ft.  below  the  surface,  and  sometimes 
leembles  in  appearance  loaf  sugar,  and  at  others  rock  sulphur ;  and 
Kain  it  appears  white,  crossed  with  bluish  veins.  Its  sp.  gr.  varies 
om  that  of  common  salt  to  sandstone  (2*41  average),  according  to 
le  amount  and  nature  of  earthy  matters  it  may  be  allied  with.  The 
Jnable  mineral  is  found  beneath  a  covering  of  calcareous  earth, 
merally  assuming  the  appearance  of  half-formed  sandstone,  when  it 
serviceable  for  building  purposes.  A  shaft,  or  hole,  sufficiently 
ide  to  permit  of  the  passage  of  a  man,  is  sunk  through  this  cap  as 
r  as  the  under  side  of  the  caliche,  at  which  point  the  underlying 
rth  is  dug  out  in  a  circle  for  several  feet.  The  chamber  thus  formed 
chaijzed  with  gunpowder  (manufactured  in  the  district),  and  on 
ing  &ed  the  result  is  to  disengage  and  throw  up  to  the  surface  the 
bterranean  caliche,  which  is  picked  out  by  hand  and  stacked  up  in 
aps  at  some  convenient  point,  whence  it  is  conveyed  in  carts, 
pable  of  holding  about  a  couple  of  tons,  to  the  "  oficina,"  or  manu- 
^ry.  Considerable  skill  is  required  in  selecting  the  points  where 
begin  mining  operations,  and  it  frequently  occurs  that  large  sums 
moDcy  are  paid  for  lands  which  on  being  worked  prove  to  be 
tfthless,  either  on  account  of  the  scarcity  of  the  caliche,  its  bad 
ality,  or  its  great  depth  beneath  the  surface.  These  losses  are  sus- 
mi  on  account  of  the  difficulty  sometimes  experienced  in  obtaining 
)OTir  and  tools  in  a  countiy  so  inhospitable  in  its  resources,  and 
nessing  no  real  indigenous  population. 

The  <»liche  lies  in  beds  varying  from  6  in.  to  12  ft.  thick.  No 
iche  bed  is  found  nearer  to  the  sea  coast  than  15  miles,  and  the 
thest  beds  are  distant  90  miles.  The  Ramirez  caliche  is  plenti- 
and  easy  of  extraction ;  it  contains  51  per  cent,  nitrate  of  soda, 
common  salt,  6  sulphate  of  soda,  3  sulphate  of  magnesia,  and  14 
loluble. 

At  the  ofidna  the  caliche  is  broken  by  hand  or  by  jaw  breaker 
io  cubes  that  will  pass  a  1^  in.  ring.  ThcDce  it  goes  to  the  boiling 
08,  which,  in  all  factories  under  European  management,  are  steam- 
ited. 

Great  diversity  of  opinion  exists  among  saltpetre  manufacturers 
on  the  most  economical  form  of  "cachucha"  or  boiling-pan.    Some 
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advocate  the  cloeed  cachucha,  which  in  every  respect  may  be  ocHnpai^ 
to  a  steam  chest,  because  they  maiutain  that,  the  steam  bding  endoflei 
there  is  no  waste  of  heat,  and  consequently  an  economy  is  effected  i 
coah  Their  opponents  assert  that  the  steam  in  the  cachncha  oondenie 
and  thereby  weakens  the  solution,  and  that  it  prevents  a  most  impo 
tant  operation — the  stirring-up  of  the  matter  during  the  boiling.  (^ 
the  other  hand,  the  open  cachucha  allows  the  steam  which  has  pasM 
through  the  caliche,  and  done  its  duty,  to  escape  into  the  air,  a 
enables  the  attendants,  during  the  entire  boiling,  to  constantly  tm 
over  the  caliche,  thereby  enabling  the  heat  to  penetrate  into  evei 
crevice  of  the  mass.  The  result  is  to  extract  more  nitrate  from  tl 
caliche,  and  less  is  thrown  away  in  the  ripia  or  refuse ;  henoe,  by  tl^ 
latter  system,  an  economy  is  effected  in  caliche,  which  more  tlu 
balances  the  extra  consumption  of  fuel. 

In  the  closed  cachucha  the  caliche  is  first  placed  in  boxes  made  < 
perforated  iron  plating,  which  are  mounted  on  wheels,  and  are  poak^ 
along  a  tramway  into  the  cachucha.  To  overcome  the  difficulty  I 
stirring  up  the  mass,  boxes  have  been  made  of  a  circular  shape,  a^ 
capable  of  revolving  on  their  standards  when  locked  to  an  axle  workt 
by  a  wheel  on  the  outside.  This  plan,  however,  proved  a  failure,  i 
account  of  the  accumulation  of  insoluble  matter  at  the  bottom  of  t| 
cachucha,  which  completely  wedged  in  the  boxes,  and  the  attempt  j 
give  the  latter  a  rotary  motion  could  only  have  been  done  at  the  li^ 
of  breaking  the  couplings  and  damaging  the  boxes  themaelveB.  TU 
plan  might  be  carried  out  by  making  the  plant  stronger,  and  \ 
allowing  adequate  space  for  the  insoluble  matter  which  escapes  fra 
the  boxes  ;  but  then  that  would  be  objectionable,  on  acoonnt  of  t^ 
large  steam  space  it  would  afford  in  the  cachucha,  and  the  oonsequd 
impoverishment  of  the  solution  through  the  condensation  of  thesteti 

There  are  other  forms,  known  as  egg^baped  cachuchas,  owing  \ 
their  similarity  in  form  to  an  egg  placed  on  its  smaller  end.  The 
offer  great  facilities  in  the  operation  of  charging  and  discharging  tl 
material.  The  caliche  is  conducted  over  a  road  to  their  upper  part,  ai 
shot  down.  After  being  boiled,  the  solution  is  tapped,  and  the  refu 
is  allowed  to  fall  into  trucks  placed  beneath,  which  convey  it  to  ti 
spoil  bank.  The  chief  disadvantage  of  these  cachuchas  conaiBts  in  ti 
necessity  of  having  at  command  considerable  height  for  the  appnw 
road. 

An  ideal  English  factory  is  the  Bamirez,  Korthem  Chili,  built  1 
Bobert  Harvey,  with  a  productive  capacity  of  over  6000  tons  a  mont 
The  plant  comprises  6  steel  boilers,  12  boiling  tanks,  90  crystalliBi] 
tanks,  a  5-compartment  washing  tank,  8  large  circular  tanks,  ai 
3  crushing  machines,  as  well  as  locomotives  and  rolling  stock.  Owii 
to  the  salt  and  other  solvents  contained  in  the  soil,  great  oaie  w 
bestowed  in  preparing  the  foundations  for  the  carrying  walla.  Tl 
caliche  is  extracted  according  to  Shanks's  lixiviating  system,  ai 
when  the  solution  is  at  llO'^  Tw.  it  is  allowed  to  settle  for  a  sbo 
time,  and  then  is  run  off  to  the  crystallisation  tanks  at  a  temperatn 
of  240**  F.  The  crystallised  nitrate,  after  the  mother  liquor  b 
drained  awa^,  is  transferred  to  drying  floors,  where  it  becomes  pe 
'— *iv  dry  in  the  tropical  sun,  and  it  is  then  filled  into  sacks  i 
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ipori  The  cost  of  the  machinery,  plant,  and  oonstmction  amounted 
)  110,000/. 

The  total  exports  amount  to  abont  1,000,000  tons  per  annnm — 90 
er  oent  to  Europe,  and  10  per  cent,  to  the  United  States ;  the  value 
Qctnates  somewhat,  bat  averages  about  92.  a  ton.  Its  principal  con- 
unption  is  as  a  fertiliser  and  in  sulphuric  acid  manufacture. 

^dU;^  mirate. — True  saltpetre  is  nitrate  of  potash,  and  is  found 
biefly  in  India. 

The  generally  accepted  conditions  necessary  for  the  formation  of 
kltpetre  are  (1)  the  presence  of  decaying  organic  matter,  whose  de- 
nnpositioD  affords  a  supply  of  nitrogen ;  (2)  access  of  atmospheric 
ir  to  oxidise  the  nitrogen  into  nitric  acid ;  (3)  sufficient  potash  in  an 
nOable  form  (such  as  wood  ashes  or  decomposed  felspathic  rocks) 
)r  the  nitric  acid  to  combine  with  as  fast  as  it  is  liberated.  Given 
^  conditions,  the  formation  of  the  salt  will  take  place  in  very 
uied  situations,  being  most  commonly  observed  in  countries  where 
tropical  climate  fiEivours  the  decomposition  of  organic  matters. 

In  the  neighbourhood  of  Ak  Serai  and  in  other  localities  in  Asia 
[inor,  saline  efflorescences  occur  in  considerable  quantity,  usually 
iKxnated  with  recent  volcanic  phenomena,  and  afford  saltpetre  whicn 
I  employed  in  the  local  gunpowder  factories. 

Tnming  to  India,  we  find  that  some  saltpetre  is  obtained  from  the 
tiny  mud  deposited  by  the  Biver  Ganges  during  the  flood  season, 
aalysis  of  a  nitrous  earUi  from  Tirhfit,  in  Bengal,  gave  8  *  3  per  cent,  of 
>ta68ium  nitrate,  and  3*7  of  calcium  nitrate,  or  12  per  cent,  of  total 
itrates.  The  soil  around  old  buildings  in  the  Punjaub  is  very  pro- 
kctire  of  nitre,  which  appears  as  an  efflorescence,  not  to  be  confounded 
ith  the  sodium  sulphate  crust  occurring  on  the  reh,  or  barren  lands, 
be  deposit  is  scraped  up  as  often  as  it  is  renewed,  and  submitted  to 
mple  treatment  for  the  separation  of  the  nitre  from  the  accompany- 
ig  dirt  by  the  agency  of  watei*  and  filtration.  A  small  spade  is  used 
collecting  the  earth,  which  is  taken  off  to  a  depth  of  1  to  2  in.  and 
led  in  heaps  2  to  4  ft.  high,  where  it  is  left  without  taking  harm 
U  an  opportunity  arises  for  transporting  it  to  a  spot  where  water 
bd  fuel  are  available.  In  the  upper  part  of  the  Punjaub,  the  extrac- 
3n  process  is  conducted  in  a  series  of  wide-mouthed  earthen  pots, 
ith  an  aperture  in  the  base,  supported  on  earthenware  stands,  so  as 
admit  of  placing  cups  beneath  the  pots.  On  the  bottom  of  each 
>t  is  spread  a  b^  of  straw,  covered  with  a  layer  of  wood  ashes ; 
OTo  this,  the  nitrous  earth  is  added  till  it  reaches  nearly  to  the  top 
the  pot.  Then  water  is  applied  till  all  soluble  salts  contained  in 
«  earth  have  been  dissolveid  and  carried  in  solution  into  the  cups 
low.  The  straw  bed  acts  mechanically  as  a  filter  to  hold  back  in- 
hble  matters ;  the  wood  ashes  act  chemically,  affording  potash  in 
i  available  fi[>rm,  so  that  any  calcium  nitrate  present  may  be  con- 
rrted  into  potassium  nitrate,  the  nitric  acid  in  the  calcium  nitrate 
changing  bases  with  the  carbonic  acid  united  to  the  potash  in  the 
ood  adbes.  The  very  weak  nitrous  solution  thus  obtained  is  used 
•tead  of  fr^sh  water  for  washing  through  the  contents  of  another 
lies  of  pots,  and  thus  becomes  gradually  charged  with  saltpetre  to 
le  extent  of  2  or  3  per  cent. 
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The  next  prooess  is  the  removal  of  the  water  and  orystaUisatk 
of  the  salt.  This  is  oonducted  in  elliptical  iron  dishes,  measniia 
1  or  2  ft.  across  and  6  to  9  in.  deep,  heated  from  beneath  ;  as  eT«p 
ration  proceeds,  fresh  liquor  is  added,  during  a  period  of  12  to  1 
hours.  The  scum  which  rises  is  skimmed  o£f,  and  at  a  oertain  poo 
of  concentration  the  crude  potassium  nitrate,  with  aooompanyii 
saline  impurities,  is  abundantly  precipitated.  This  product  in  boa 
districts  is  termed  dkcmah^  and  contains  45  to  70  per  cent,  of  potassiii 
nitrate.  The  small  pans  used  in  the  Upper  Punjaub  give  8  to  16  1 
of  crude  nitre  per  shift  of  30  to  36  hours.  Over  4000  pans  are  ks] 
working  in  the  Punjaub,  In  addition,  there  are  over  a  dozen  lai] 
shallow  basins,  called  aqar^  where  sun-heat  is  utilised  for  evapon 
tion. 

In  the  different  districts,  slight  modifications  of  the  prooa 
described  above  are  in  vogue.  Thus,  in  Mooltan,  the  liquor,  after  i 
to  24  hours  boiling,  is  often  run  into  a  vat  to  cool  for  a  night,  and  n« 
morning  the  crystals  are  raked  out  and  washed  in  a  woollen  cloii 
being  then  tied  up  in  it,  and  exposed  to  the  sun  till  the  moisture  hi 
been  dissipated.  Sometimes  the  filter  is  made  on  the  ground  in  a 
inclined  situation,  being  formed  with  mud  walls  lined  with  stiff  di 
on  three  sides,  the  remaining  side  being  left  open  for  escape  of  tl 
liquid,  but  provided  with  r^ds  or  closdy-woven  grass  mats,  with  < 
without  a  Damboo  false  bottom;  the  liquid  passes  into  a  roeervo 
made  of  packa  masonry.  In  Ouzerat,  the  nitrous  solution  is  passe 
through  a  cloth  filter ;  it  is  evaporated  to  about  one-fourth  its  boll 
and  on  cooling  affords  an  impure  crystalline  product  {ik(ma\)  worf 
about  8«.  per  cwt.).  When  re-dissolved,  filtered,  and  re-crystallise 
forming  Jcalmee^  it  is  worth  22«.  The  following  table  of  the  avei 
cost  per  ton  of  Indian  saltpetre  is  instructive : — 

Prime  cost  of  crude  material  at  the  fiioiory 4    2  0 

Salaries,  bags,  packing,  &c     1  14  2 

Freights  and  expenses  from  factory  to  Bombay 5  17  3 

Interest  on  outlay  at  9  per  cent 0  13  8 

Government  licence 0    2  7 

Insurance  at  7  per  cent 0  17  1 


13     6     9 
Profit  per  ton     10    3 


Selling  price  at  a  brisk  demand  at  Bombay H    7    0 

Indian,  exports  of  saltpetre  reach  something  like  25,000  Um 
annually,  with  a  value  of  over  half  a  million  sterling. 

Nitrates  of  potash  and  lime  are  of  frequent  oocurrenoe  in  Cevl<a| 
Some  30  places  might  be  enumerated  where  saltpetre  is  produced  ani 
has  been  prepared  for  market.  The  formation  of  the  mineral  is  ap 
parently  confined  to  caves  in  dolomitic  rocks,  the  felspar  in  whiol 
contributes  the  potash  base. 

An  analysis  of  the  most  productive  nitre  rode  near  Doombera,  il 
an  unfrequented  cave,  showed  2*4  per  cent,  potassium  nitrate,  ain 
0*7  ])er  cent,  of  magnesium  nitrate.  The  nitre  earth  from  the  greaj 
cave  in  Lower  Ouva,  near  Wellaway,  yields  3*5  per  cent,  of  calciajii 
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litraie,  and  3*3  of  potassinm  nitrate.  The  nitre  orop  is  harvested 
Inriiig  6  months  of  the  year  by  chipping  off  the  iDomsted  portions  of 
he  avails  of  the  caverns ;  the  fragments  are  reduced  to  powder,  mixed 
rith  an  eqoal  portion  of  wood  ashes,  and  dosed  with  water.  The 
wtaasinm  nitrate  present,  as  well  as  that  produced  from  other  nitrates 
}7  the  action  of  tne  wood  ashes,  is  dissolved  by  the  water,  and  the 
olution  is  evaj>orated  first  in  pits  exposed  to  the  sun's  rays,  and  then 
0  the  crystallising  point  in  fire-heated  pans. 

In  the  government  of  Budokh,  Thibet,  saltpetre  is  obtained  by 
ligging  np  the  soil,  which  is  put  into  brass  vessels,  and  treated  with 
lot  water.  The  solution  thus  formed  is  decanted  into  another  vessel, 
nd  there  allowed  to  cool,  that  the  nitre  may  crystallise  out.  By  the 
nide  native  method,  one  man  can  prepare  a  sheep  load  (say  20  lb.) 
D  3  weeks. 

Saltpetre  abounds  in  Eastern  Turkestan,  especially  in  the  hills 
eyond  Earshi  (Neksheb),  a  large  town  91  miles  south-east  of 
k)khara.  Here,  previous  to  1875,  the  Emir  had  a  large  powder 
KJtory.    Other  factories  existed  in  Khokan. 

On  the  Bio  das  Yelhas,  Brazil,  saltpetre  is  found  in  quantities  at 
b  Bonth-eastem  side  of  the  Serrote,  in  a  series  of  caves.  The  process 
f  extracting  the  nitre  from  the  chocolate-coloured  earth  is  one  of 
xiviation.  The  earth  is  put  into  a  bangue  or  strainer,  generally 
ansisting  of  a  square  pyramid  of  bockrding,  with  the  base  upwards, 
lie  poorer  people  use  a  hide,  supported  on  four  uprights.  When 
chansted  with  not  water,  the  nitrous  particles  find  their  way,  duly 
Itered,  through  a  tube  leading  to  a  cocke^  or  trough,  often  a  bit  of 
\d  canoe.  The  decoaiay  as  it  is  now  called,  is  a  thin  greenish  liquid, 
bich  must  be  boiled  in  a  tocAo,  or  metal  pan,  like  that  used  for  sugar. 
\v^  ia^ko  is  sometimes  mounted  upon  an  ant-hill.  The  nitre  is 
lified  by  repeating  the  process,  and  assumes  a  yellowish-white 
)10Qr. 

Potassium  nitrate  possesses  a  qualitv  which  distinguishes  it  from 
idiom  nitrate,  and  gives  it  a  greater  value,  viz.,  that  it  is  notably  leas 
ible  to  deUqueecenoe  in  the  presence  of  a  moist  atmosphere.  Its 
lief  use  is  in  the  manufacture  of  gunpowder  and  fireworks. 
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SODA. 


«* Alkali  linds,"  '* alkali  dust,"  "alkali  water,"  are  familiar  tern 
indicating  the  presence  of  varioas  sodium  salts  (bicarbonate,  carbonat 
chloride,  and  sulphate),  as  incrustations  or  in  solution,  and  geneiaU 
condemned  as  unmitigated  evils  by  the  agriculturist,  but  represeo 
ing  considerable  mineral  wealth  when  properly  utilised. 

Most  prominent  are  the  deserts  and  "  sinks  "  (undrained  lakes)  < 
the  Oreat  Basin  of  Western  America.  Here  the  salts  are  mixtures  i 
varying  proportions  of  carbonate,  chloride,  and  sulphate,  carbonal 

§nerally  piedominating  on  the  Western  side,  chloride  in  the  oenti 
reat  Salt  Lake),  and  sulphate  on  the  Eastern  side.  Dr.  T.  1! 
latard*  has  made  an  interesting  estimate  of  the  carbonate  of  sod 
contained  in  only  three  of  the  alkjtline  lakes,  based  on  his  analyses  i 
the  waters  of  these  lakes,  which  give  the  following  results  stated  i 
grams  to  the  liter : — 


8iO, 

K      

Na 

Oa      

Mg 

Fe,0,        ..     .. 
A1,0,        ..     .. 

8O4 

CO, 

!f°'::  ::  :: 

H  (in  NaHCOa) 


Albert  Lake. 


14 


•232 
538 
680 


•706 
486 

-462 
058 


39  172 


Mono  Lake. 


•0700 
•9614 
19*6853 
•0200 
•0551 

\      0030 

6-6720 
13*6903 

•1600 
12  1036 

•0522 

53*4729 


OwcneLeke. 


•220 
1-644 

28-500 
•014 
-005 
•014 
-024 
7-505 

19^S96 
•867 

19^844 
•068 

77098 


If  we  unite  these  constituents  into  the  combinations  in  whid^ 
for  all  practical  purposes,  they  exist  in  the  water,  we  shall  get  Uiea 
figures: — 


Silica  (SiO,) 

Iron  and  alnmina  (Al,Fe,0,) 
Oalcinm  carbonate  (OaCOg)  .. 
Magnesinm  carbonate  (MgOOg) 
Sodinm  borate  (Na^B^O^r)     . . 
PotasBinm  chloride  (KOI)     . . 
Sodinm  chloride  (KaCl) . . 
Sodinm  snlpbate  (Na^OJ    .. 
Sodinm  carbonate  (Na,CO|) .. 
Sodium  bicarbonate  (NaHOO,) 


Albert. 


•232 


1027 
21*380 

1-050 
10*611 

4-872 

39-172 


Mono. 


-0700 

•0030 

•0500 

•1928 

2071 

1^8365 

18*5033 

9*8690 

18*3556 

4-3856 


53-4729 


Owens. 


•220 
-038 

\      055 

•475 

3-1S7 

^415 

11080 

26-963 

5-715 

77-098 
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If  we  take  the  cub.  ft.  =  28 '32  lit,  the  lb. =453 '6  grm.,  the  acre- 
rat  =43,560  cub.  ft.,  and  the  areas  and  depths  of  the  Gtkes,  we  shall 
let  for  the  amount  of  sodium  carbonate  and  bicarbonate  in  these  three 
ikes  alone  the  following  surprising  figures  :  — 


Area  and  Depth. 

NaaCOs. 

NaHCOg. 

JbertLake       

fooo  Lake 

wens  Lake       

acr^feet 
256.000 
3.264,000 
1,088,000 

tons 
3,428,352 
75,072,000 
39,875,200 

118,375,552 

tons 

1,560,000 

17,936,000 

8,431,000 

27,927,000 

These  are  but  three  localities.  They  are  the  largest,  but  there 
re  many  others.  Of  these  the  best  known  are  the  two  lakes  at 
^gtown,  Nevada,  from  which  alkaline  carbonates  have  been  ex- 
acted for  many  years,  as  is  also  the  case  in  Long  Valley,  California, 
[any  of  the  smaller  occurrences  are  near  existing  main  lines  of 
^nsportation,  and  can  be  made  feeders  to  centrally  located  refining 
orks.  The  refining  cost  at  such  works  must  be  less,  and  it  should 
»t  no  more  to  produce  the  crude  material  at  small  places  than  at 
rger  ones.  The  difference  is  the  increased  cost  of  transportation  to 
le  refinery. 

All  the  alkali  on  the  western  side  of  the  Great  Basin  contains 
dium  carbonate  and  bicarbonate,  and  it  is  upon  their  property  to 
rm  a  C(»mpound  more  soluble  than  the  bicarbonate  but  le^s  so  than 
le  carbonate  that  the  method  of  extraction  is  founded.  If  we  have 
solation  of  the  two  salt*<,  with  or  without  sulphate  or  chloride,  and 
cpoee  it  to  spontaneous  evaporation,  we  shall,  at  a  certain  degree 
^  concentration,  get  a  crop  of  acicuLar  crystals  which  have  the 
1  lowing  composition : — 


Snda  (Na,0) 
Carbonic  acid  (CO,) 
Water  (H,0) 


Per  cent.  Per  cent. 

41  15  or  Sodium  carbonate  (Na,CO,)      ..  46*90 

38-94  „  Sodium  bicarbonate  (NaHOO,)  37-17 

19-91  „  Water  (HjO)        15-93 


From  this  we  derive  the  formula  Na2C08+NaHC03+2H20,  which 
M  long  been  known  under  the  mineral  name  of  "  urao,"  or  "  summer 
da/'  its  name  at  Ragtown. 

The  amount  of  this  salt  thus  obtainfd  will  depend  upon  the 
-oportion  of  bicarbonate  present,  as  every  37 '17  parts  will  in 
y stalliaing  take  with  it  46  *  9  parts  of  Na^COj.  If  more  than  suffi- 
snt  bicarbonate  was  originally  present,  the  excess  will  crystallise 
tt  before  any  ** summer  soda"  forms.  If  too  little  is  present,  the 
:ct»  of  carbonate  remains  in  solution. 

On  evaporating  a  sample  of  water  from  any  of  the  lakes,  at  a 
rtain  oonoentration  point  (sp.  gr.  1*260  for  Owens  Lake  water) 
ystallisation  will  begin.  The  crystals  are  crude  summer  soda. 
wing  to  the  presence  of  so  much  sulphate  and  chloride  in  the 
Intion,  the  crop  becomes  more  an^  more  contaminated  with  these 
lis  as  the  concentration  proceeds.    Hence  to  obtain  an  article  of  a 
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fair  degree  of  pnrity  the  prooess  must  be  interrupted  at  some  d^ite 
degree  of  specific  gravity,  and  the  mother  liquor  be  drawn  off.  If  th« 
mother  liquor  be  nirther  evaporated,  successive  crops  can  be  obtaiDed, 
the  earlier  ones,  in  the  case  of  Owens  Lake,  being  prindpally 
sulphate,  and  the  later  ones  chloride ;  while  finally  we  get  a  moth«r 
liquor  rich  in  potash  salts,  from  which,  on  cooling  to  a  low 
temperature,  the  ordinary  "soda  crystal"  (NajCOj+lOHjO)  ii 
deposited. 

While  all  these  localities  can  produce  summer  soda  in  the  manner 
described,  none  has  enough  bicarbonate  in  its  water  to  give  ti» 
largest  possible  yield.  It  is  necessary  to  increase  the  proportion  of 
bicarbonate,  which  can  be  done  in  several  wavs,  but  most  economi- 
cally, perhaps,  by  utilising  the  carbonic  acid  given  off  in  the  prooea 
of  ^macing  the  summer  soda,  'i'his,  when  heated  to  a  modenfe 
degree,  loses  its  water  and  excess  of  carbonic  acid,  100  parts  yielding 
70-36  parts  "ash,"  9-74  parts  gas,  and  19-91  parts  water.  Tla 
fumacing  must  be  done  in  any  event  to  reduce  weight  and  Bare 
transportation  charges ;  hence,  if  the  gas  can  be  economically  used, 
there  is  a  clear  gain. 

At  present  all  the  product  is  shipped  in  its  crude  condition  ffl 
borax  works  in  the  vicinity,  where  it  meets  with  a  ready  sale  i1 
remunerative  prices.  The  present  annual  output  is  given  as  book 
2500  tons,  while  the  Kagtown  works  produce  about  800  tons.  TTn 
cost  is  sufficiently  low  to  warrant  the  assertion  that  there  are  sevend 
places  at  which  ash  of  vet"^  satisfactory  quality  can  be  made  at  a  ooil 
not  exceeding  12.  per  ton. 

The  manufacture  of  high-grade  soda-ash  and  other  products  frofl 
the  natural  material  divides  itself  into  two  stages,  each  perfect^ 
distinct  from  the  other. 

1.  Field  work,  including  vat  construction  and  arrangement^  pump 
ing  and  handling  of  the  original  solutions  and  the  mother  liquoi^ 
control  of  the  crystallisation  process,  gathering  of  the  summer  sodi 
and  transportation  of  it  to  the  refinery. 

2.  Befining  work,  in  which  the  summer  soda  is  put  into  vari<nl 
marketable  forms  and  delivered  to  the  consumer. 

The  field  work  is  dependent  for  its  conduct  and  economy  oi 
climatic  conditions.  These,  while  most  favourable  for  evapoiatioi 
and  crystallisation,  produce  a  scarcity  and  consequent  high  cost  i 
manual  labour.  The  amount  of  this  must  therefore  be  reduced  to  i 
minimum  and  be  supplemented  by  machinery.  The  use  of  the  lat^ 
when  steam  driven,  is  limited  by  the  fuel  cost,  which  will  always  h 
high.  Windmills  can  be  used  for  pumping,  and  simplicity  of  arrange 
ment  and  various  mechanical  devices  can  greatly  increase  «l 
efficiency  of  the  workmen,  particularly  in  gathering  the  crop.  If  fl 
a  large  plant  the  vats  are  properly  arranged,  accurate  control  will  h 
made  easier  and  the  transportation  cost  reduced  to  a  minimum  by  ^ 
use  of  light  railways. 

The  field  work  can  be  done  on  a  large  or  a  small  scale  with  pio 
bably  equal  advantage.  At  the  Little  Lake  at  Bagtown  in  1886  X9i 
men  made  300  tons,  and  could  have  done  much  more  had  the  oonditkafl 
of  the  locality  permitted  it.     The  product  of  the  Big  Lake,  otfii 
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nder  very  adverse  conditions,  required  but  little  more  labour  in 
roportioD.  The  entire  product  is  hauled  16  miles  to  the  railroad 
Dd  shipped  to  San  Francisco,  where  it  is  refined. 

Fornacing  before  shipping  to  the  refinery  is  not  always  advan- 
igeoQs.  True,  the  reduction  in  weight  is  about  25  per  cent.,  but  the 
iving  in  transportation  will  rarely  pay  for  the  cost  of  fumacing 
rben  this  is  done  on  a  small  scale.  Moreover,  refiners  will  prefer 
nfQiTuioed  material,  and  by  devoting  attention  exclusively  to  the 
rodnction  of  summer  soda,  regularity  in  composition,  which  is  very 
oportant,  can  be  better  assured. 

During  the  dry  season,  the  surface  of  the  land  in  many  parts  of 
forth  China  is  covered  with  a  white  incrustation  of  salts,  called  c^ten 
jr  the  natives,  which  easily  dissolves  in  water,  and  therefore  disappears 
aring  the  rainy  season.  A  sample  collected  in  the  neighbourhood  of 
fckin,  a  few  1%  to  the  south-west  of  the  city,  contained : — 

Per  cent 

Chloride  of  Bodium  (common  salt) 23-8 

Carbonate  of  sodium  (soda)      12-4 

Sulphate  of  sodium  (Glauber's  salts)      63*8 

100-0 

Large  quantities  of  these  salts  may  be  obtained  by  having  the 
round  swept  with  a  broom  and  lixiviating  the  sweepings  with  warm 
ater.  Over  a  third  of  the  material  thus  collected  proves  to  be  soluble 
fttter.  It  may  be  separated  from  the  solid  residue  either  by  filtering 
'  hy  siphoning  the  supernatant  liquor  and  evaporating  the  saline 
btion,  which  shows  a  strong  alkaliue  reaction  on  account  of  the 
rhonate  of  sodium  contained  in  it.  When  su£Sciently  concentrated, 
«  liquid,  on  cooling,  deposits  a  large  mass  of  crystalline  matter, 
hich  mostly  consists  of  sodium  sulphate,  a  part  of  it,  together  with 
e  sodium  carbonate  and  chloride  remaining  in  the  mother  liquor. 
be  latter,  on  being  evaporated,  yields  a  brownish  looking  substance — 
e  colour  being  due  to  organic  matter — which,  on  being  treated  with 
oegar,  shows  a  brisk  effervescence.  It  is  to  all  intents  and  purposes 
e  same  substance  as  the  one  called  izu-cliim  by  the  Chinese,  which 
&n  impure  carbonate  of  soda  extensively  used  in  dye  works.  Not 
ily  does  it  serve  for  the  cleansing  of  textile  fabrics,  but,  owing  to 
>  Urge  amount  of  sodium  sulphate,  is  also  used  as  a  mordant,  for 
stance,  in  colouring  cotton  cloth  with  a  solution  of  indigo,  &c. 


Colour. 

Water. 

Qu-b. 

Sod*. 

Chloride 
Soditim. 

Snlphate 
Sodium. 

Com. 

oQ-diien  (from  Ka]gan>— 
1.  Fien  ohien,  yeUowisb,  white 

B-k*<m  ebien  (from  Sbansi)— 
1  Pai  cbien,  white 

3.  Tto  cbien.  first  <juality,  dirty  yellow 

4.  Do.  second  quality,  brown    .. 

per  cent. 
45-61 

52-60 
28-65 
17-30 

percent. 
53-00 

45-71 
41-61 
33-13 

percent 
1-33 

1-07 

6-29 

18-14 

traces 

traces 
23-46 
31-27 

dec. 
31-41 

27-09 
24-66 
19-19 

Judging  from  the  above,  there  appears  to  be  an  abundance  of 
dium  sulphate  in  some  parts  of  China  which  may  become  valuable 
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when,  with  the  I 

factnre  of  glass  i  . .     „ 

The  table  below  gives  an  analyslH  of  each  of  the  four  kinds  of  sq 
distinguished  in  trade.  The  samples  were  obtained  from  one  of  i 
great  depots  outside  the  city.  For  q^mparisoii,  the  Ciigliish  co 
inercial  **  degrees  "  have  be^-n  added. 

At  present  this  substauoe  is  extensively  used  by  the  Chinese 
cleaning  purposes,  taking  the  place  of  soap  in  foreign  couu tries. 
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STONE. 

HE  tenn  stone  is  here  used  generically  and  embraces  such  widely 
iferent  snbHtanoes  as  marbles,  slates,  lithographic  stones,  &c.,  which, 
K)ugh  applied  to  divergent  purposes,  are  yet  similar  in  origin  and 
ioe^  much  in  the  same  manner. 

Building  Stones, — Perhaps  at  once  the  commonest  and  the  most 
Befol  kinds  of  stone  are  those  employed  in  constmction.  Geologically 
ley  oover  a  very  wide  range,  and  it  may  almost  be  said  that  no 
sriod  is  devoid  of  beds  or  deposits  of  mineral  adapted  to  the  mason's 

Of  far  greater  importance  than  their  geological  horizon  is  the 
icroscopic  structure  of  stones  to  be  used  for  building  purposes,  and 
reat  loss  and  disappointment  have  followed  inattention  to  these 
itares.  But  while  incipient  decay  may  thus  be  detected,  it  is  not 
ways  safe  to  assume  that  because  a  rock  contains  a  mineral  that  has 
ready  commenced  to  decompose,  as  shown  by  examination  under  the 
icroecope,  therefore  this  stone  is  valueless.  Occasionally  microscopic 
ides  of  sandstones  will  show  that  the  felspar  has  commenced  to 
kolinise,  but  that  the  decay  has  been  arrested.  The  decomposition 
idonbtedly  took  place  in  such  sandstones  (of  Triassic  origin)  previous 
the  degradation  of  the  rocks  which  now  compose  them.  When  these 
ere  ground  up,  and  their  elements  redistributed  to  form  the  sand- 
one,  there  seems  to  have  been  a  cessation  of  the  causes  which  pro- 
loed  the  decomposition;  this  was  arrested,  and  has  not  since 
Ivancdd  any  further  in  the  rock. 

The  characters  which  it  is  important  to  observe,*  are  whether  the 
Dne  contains  minerals  which  are  either  already  decomposed,  or  are 
cely  to  become  so ;  whether  these  minerals  contain  water  in  cavities 

ooDsiderable  quantities  ;  or  whether,  either  by  disintegration  or  by 
e  locfseness  of  the  binding  material,  the  stone  contains  so  many 
teistices  or  fissures  that  it  is  likely  to  absorb  large  amounts  of 
Iter,  which  may  either  attack  certain  of  the  constituents,  causing 
em  to  swell,  or  may  itself,  under  the  influence  of  a  severe  climate, 
tve  sufficient  power,  in  the  form  of  ice,  to  disintegrate  the  stone. 
^6  examination  of  the  stone  in  the  quarry  should  be  conducted  as  a 
bole,  and  not  with  reference  to  a  particular  part  of  it,  for  it  not 
ifrequently  happens  that  stones  composed  of  exactly  the  same 
iuerals  have  entirely  di iferent  properties,  as  granite  and  gneiss,  for 
^unple,  and  yet  one  of  them  may  not  be  a  proper  stone  for  outside 
nstmction.  The  age  of  the  stone,  since  its  extraction  from  the 
umy,  may  or  may  not  be  in  its  favour.  Nearly  all  stones  are  weaker 
imediately  after  their  extraction,  while  they  hold  the  quarry  water, 
^  after  they  have  lost  it.    Most  stones  after  lung  exposure,  more 

♦  T.  Egleston,  *  Building  Stones.' 
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especially  if  they  have  not  been  uniformly  moist,  absorb  more  w«to 
than  when  they  are  fresh,  and  are  therefore  more  likely  to  disint^^nl 
from  frost  than  when  they  were  yonnger,  or  than  if  they  were  ke| 
uniformly  moist.  Certain  rocks,  exposed  to  high  heat  or  to  seTei 
cold,  lose  their  power  of  resistance  along  irregnlar  lines  of  weaknes 
and  tend  to  disintegrate,  and  this  effect  may  1^  produced  by  artifidi 
heating  as  well  as  by  climate.  Stones,  therefore,  which  endure  ei 
ceedingly  well  in  one  climate  may  not  stand  in  another.  Tl 
particular  places  where  the  structure  is  to  be  erected,  whether  in  d 
city  or  country,  is  to  be  considered.  In  the  city  there  are  noxiw 
and  corroding  gases,  coming  either  from  fuels  or  manufactories ;  tl 
dryness  or  dampness  of  the  ground  is  to  be  cousidered,  and  whetb 
the  particular  spot  chosen  is  well  ventilated  or  not ;  in  the  countr 
whether  the  air  is  humid  or  dry,  or  whether  there  are  prevailing  bi| 
winds  cariying  sand.  All  these,  and  manv  other  circumstances,  hat 
great  influence  on  the  durability  of  building  stones,  and  should  I 
carefully  considered  before  expensive  structures  are  undertaken. 

Building  stones  may  be  divided  into  three  general  classes :  fin 
the  different  varieties  of  granite  and  granitic  rocks;  second,  tl 
marbles,  which  may  have  a  coarse  or  granular  structure,  and  may  1 
either  Umestone  or  dolomite  or  serpentine;  third,  the  sandstoD< 
which  may  be  composed  of  material  having  an  organic,  an  argillaceon 
a  ferruginous,  a  calcareous  or  a  silicious  binding  material  Slates  «l 
occasionally  used  in  building,  but  not  frequency.  They  are  subj^ 
to  peculiar  forms  of  decomposition  when  they  are  used  as  room 
material,  about  which  little  need  be  said,  because  the  deoompositii 
which  they  would  undergo  in  such  very  thin  sheets  would  hardly  ta) 
place  when  they  are  used  in  thick  pieces  in  the  construction  of  i 
ordinary  building.  Besides  these  stones,  there  are  a  few  others  whii 
are  sometimes  used  in  the  vicinity  where  they  are  found,  such 
various  kinds  of  trap  or  basalt  and  serpentines ;  also  steatites,  al 
some  other  very  soft  rocks.  Their  use,  however,  is  not  oommc 
Each  of  these  stones  is  subject  to  its  own  particular  kind  of  dec^ 
which  may  be  either  chemical  or  mechanical. 

All  stones,  and  sandstones  especially,  contain,  when  freshly  brok 
from  the  quarry  bed,  varving  amounts  of  moisture,  or  quarry  wat4 
as  it  is  technically  called.  If  exposed  to  freezing  while  in  this  cd 
dition,  they  are,  if  not  actually  burst  and  ruined,  at  least  rendexi 
less  tenacious.  In  many  localities  it  is  necessary  to  flood  t^e  quan^ 
with  water,  or  cover  them  with  earth,  on  the  approach  of  cold  weathi 
to  prevent  serious  damage  from  this  cause. 

Experiments  made  on  a  number  of  building  stones  after  freeeh 
and  thawing  25  times,  showed  only  six  samples  which  possessed  f4 
resistance  to  such  treatment ;  they  included  a  dolerite,  a  diorite,  a] 
four  sandstones.  Eesistanoe  to  fire  and  to  water  applied  during  gn 
heat  are  every  day  becoming  more  important  considerations  in 
building  stone,  and  in  these  respects  the  volcanic  rocks  and  the  san 
stones,  when  of  homogeneous  structure,  are  preferable. 

Dolomite  (the  double  carbonate  of  lime  and  magnesia\  often  calli 
magnesian  limestone,  is  of  uncertain  composition,  rarely  pres^itii 
the  true  proportions  of  54*35  lime  carbonate  and  45*t>5  magnei 
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ctrbonate.  As  a  building  stone  its  qualities  vary  exceedingly.  A 
nlidous  variety  is  used  with  great  suocees  in  the  north  of  England, 
but  the  Houses  of  Parliament  bear  testimony  to  a  total  £eiilure  of 
inother  kind  to  withstand  London  air. 

Limestone  proper  is  well  illustrated  by  the  world-renowned  Bath 
hsestone,  a  famous  warm-toned  stone,  which  possesses  the  remarkable 
)Tialitie6  of  durability  and  easy  working  at  the  same  time,  ^he  beds 
a  Bath  stone  are  contained  in  the  formation  known  as  the  Qreat  or 
Bath  Oolite. 

Although,  in  accordance  with  geological  investigation  and  deduc- 
ions,  Bath  stone  should  extend  over  a  considerable  area,  this  is  found, 
n  practice,  not  to  be  the  case,  the  area  being  a  tract  about  30  miles 
ong  and  10  miles  wide,  extending  to  the  east  of  Bath  between 
Chippenham  on  the  north  and  Trowbridge  on  the  south.  But  even 
a  this  limited  area  the  stone  has  only  been  found  at  a  workable  depth 
D  certain  localities,  though  innumerable  bore  holes  and  trial  shafts 
lave  been  put  down  to  prove  the  ground.  Moreover,  the  beds,  though 
wind  almost  horizontal  where  worked,  vary  greatly,  within  short 
istances,  from  one  unbroken  stratum  averaging  7  ft.  thick,  to  several 
b^ta  measuring,  together,  21  ft.  The  quality  also  differs  in  the 
sveral  localities,  which  yield  stone  adapted  to  various  usages. 

The  system  of  quarrying  or  mining  here  employed  is  described 
elow.  An  average  sample  of  the  stone  is  of  2  *  2  sp.  gr.  when  dry, 
00  lb.  of  stone  absorbing  only  9  lb.  of  water ;  and  in  actual  practice 
.  will  stand  a  pressure  of  70  tons  per  sq.  ft.  without  cracking. 
Aslysis  shows: — Carbonate  of  lime,  97-2;  alumina  and  iron  oxide, 
'6  ;  silica,  1 ;  magnesia  carbonate,  '2.  Its  selling  price  is  11(2.  per 
iKft. 

Marble  is  generally  understood  to  be  carbonate  of  lime,  either 
hite  or  coloured,  uniform  or  variegated,  and  pleasing  to  the  eye ; 
Le  term  is  also  applied  to  any  coloured  stone  soft  enough  to  easily 
it,  and  hard  enough  to  bear  a  good  polish. 

True  marble  is  lime  carbonate,  composed  of  carbonic  acid  and  the 
:ide  of  calcium,  or  lime,  in  the  following  proportions: — Carbonic 
•id,  44 ;  lime,  66. 

Of  all  the  ornamental  and  decorative  stones,  the  marbles  are  the 
aet  abundant  and  varied,  and  at  the  same  time  the  most  extensively 
a  ployed.  Any  rock  susceptible  of  a  fine  polish  is  termed  ^'  marble  " 
r  the  stcpi^-cutter ;  hence  we  hear  of  "  Connemara  marble,"  which  is 
roe  serpentine ;  and  of  ^  Sicilian  marble,"  which  is  often  a  brecciated 
va.  The  term,  however,  should  be,  and  is,  restricted  by  geologists 
limestones  capable  of  receiving  a  polish,  and  frequently  exhibiting  a 
kiiety  of  colours  in  veins  and  blotches.  We  have  thus  uni-KK>loured 
^rbles,  such  as  pure  blacks  and  whites ;  and  party-coloured  sorts, 
triving  their  tints  from  accidental  minerals,  from  metallic  oxides, 
ving  them  a  veined  or  clouded  appearance,  or  from  shells,  encrinites, 
rals,  and  other  organisms  which  impart  a  variety  of  figure  as  well 

of  hue.  Every  country  has  its  own  peculiar  marbles.  These 
txieties  are  almost  endless,  but  the  following  are  a  few  of  the  better 
kx>wn  and  more  esteemed  varieties,  ancient  and  modern.  Carrara  r 
ire  white,  saocharoid,  and  semi-transparent;  highly  esteemed  for 
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statuaiy  purposes;  98*1  per  cent,  lime  carbonate.  Parian:  of  a 
waxy  cream-colour,  also  crystalline,  and  employed  in  statnarj. 
GiaUo  antico :  yellow,  and  mixed  with  a  small  proportion  of  inm 
hydrate;  used  for  ornamental  purposes.  Sienna:  rich  yellowish- 
brown,  with  lighter  veins  and  cloudings.  Bosso  antico :  deep  blood> 
red,  less  or  more  veined.  Mandelato :  light  red,  veined  and  clouded. 
Verde  aiitique :  cloudy  green,  mixed  with  serpentine,  or  serpentise 
itself.  Cipolino :  a  mixture  of  talcose  schist  with  white  saocharoidil 
marble.  Bardiglia :  a  bluish-grey  variety,  with  bold  black  veins  and 
cloudings.  Lumaohello  or  fire-murble :  a  dark-brown  variety,  having 
brilliant  chatoyant  reflections,  which  it  owes  to  the  nacreous  matter 
of  enclosed  shells.  Black  marbles :  like  those  of  Derbyshire,  Dent, 
and  Kilkenny,  deriving  their  dark  colours  from  bitumen.  EncriiiAl 
marbles:  like  those  of  Dent  in  Yorkshire  and  other  Carboniferoiia 
districts,  deriving  their  "  figure  "  from  the  stems  and  joints  of  eo- 
crinites.  Shell  marbles :  like  those  of  Purbeck  and  FetworUi  in 
Dorset  and  Sussex,  and  Eingsbams  in  Fife,  receiving  their  ^figure* 
from  the  component  shells  of  univalves  and  bivalves.  NununuH^ 
or  Verona:  creamy  to  nearly  white.  Phrygian  or  pavonazetta :  cA»mj 
white  ground,  veined  with  dark  red,  pink,  or  yellow.  Equal  in  bean^ 
to  any  of  the  ancient  marbles,  and  surpassing  most  of  them,  is  tba 
onyx  now  being  mined  in  Mexico,  New  Mexico,  and  Arizona.  It 
weighs  about  200  lb.  per  cub.  ft.,  and  can  be  cut  out  in  blocks  of  asv 
desirable  size,  up  to  20  ft.  by  10  ft. ;  it  is  worth  50«.  per  cub.  f L  at  tb« 
quarries. 

The  mode  of  working  the  underground  stone  quarries  near  B&tli, 
above  alluded  to,  is  somewhat  peculiar,  and  is  thus  briefly  deocnbei 
by  Prof.  C.  Le  Neve  Foster. 

The  dip  of  the  beds  is  slight,  being  only  1  in  33.  The  bed  o£ 
stone  which  it  is  proposed  to  work  is  reached  by  an  inclined  pknor 
and  then  a  main  heading  is  driven  out,  15  or  16  ft.  wide,  with  ^'iide 
holes  "  at  right  angles  as  wide  as  the  roof  or  ceiling  will  admit  witk 
safety,  say  20-24  ft.,  leaving  pillars  10  ft.  square  and  upwards.  H 
rock  is  unsound,  it  is  left  as  a  pillar,  and  this  may  cause  so 
irregularity  in  the  plckn  of  the  mine. 

The  first  process  in  removing  the  stone  consists  in  excavating 
the  '^  jad,"  a  horizontal  groove  at  the  top  of  the  bed,  which  is  cot  is 
for  a  depth  of  5  ft.  and  width  of  20-25  ft.  The  jad  is  cut  out  with  i 
pick,  which  is  not  set  quite  at  right  angles  to  the  hilt.  This  fon 
enables  the  workman  to  cut  right  into  uie  comers.  The  first  pick 
weighs  7  lb.,  the  second  6  lb.,  and  the  third  5  lb.  This  last  has  a  hill 
5  ft.  long,  so  that  the  man  may  cut  the  jad  to  a' full  depth.  Projecting 
pieces  of  roof  are  broken  down  by  the  *'  jadding  iron,"  a  long  bar. 
After  the  jad  has  been  excavated  with  the  pick,  two  vertical  cuts  an 
made  with  a  saw,  and  a  piece,  called  the  "  wrist,"  is  wedged  up  froa 
the  bottom  or  off  from  the  side.  When  the  "  wrist"  has  been  removed, 
the  blocks  are  simply  cut  out  with  saws.  These  saws  are  6-8  ft.  loo|, 
by  10-12  in.  wide.  The  first  saw  used  in  the  jad  has  to  be  narrower, 
and  is  called  the  '*  razor  saw."  The  heaviest  saw  weighs  56  lb.,  vA 
the  handle  can  be  used  entirely  below  the  eye  when  working  satf 
the  roof. 
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WheD  set  free  by  sawing  on  all  four  sides,  the  block  can  easily  be 
letached  by  wedges  driven  in  along  a  plane  of  bedding.  The  blocks 
ire  lifted  off  by  cranes,  and  either  loaded  at  once  on  to  trucks,  or 
tacked  inside  ^e  quarry,  after  having  been  roughly  dressed  with  an 
ixe  or  with  a  saw.  A  workman  can  saw  15  sq.  ft.  of  the  softest  beds 
u  hour.  The  men  work  in  gangs,  and  the  ganger  is  paid  at  a  certain 
ate  per  cub.  ft  of  stone  delivered  on  the  trolleys  at  his  crane.  The 
sen  make  from  20«.  to  28«.  a  week;   the  ordinary  hours  are  from 

A jf.  to  5  P.M.,  with  two  hours  for  meals.  Good  pickers  cutting  out 
he  jad  can  earn  as  much  as  1«.  per  hour  while  at  work,  but  at  this 
ate  they  wiU  not  work  more  than  5  or  6  hours  a  day.  Owing  to 
ilse  bedding  and  other  irregularities,  a  bed  of  stone  20  ft.  thick  will 
aly  yield  on  an  average  one-half  of  blocks  fit  for  the  market. 

Ever  since  blasting  has  been  imed  in  quarrying,  efforts  have  been 
lade  to  direct  the  blast  so  as  to  save  stock.  Holes  drilled  by  hand 
re  seldom  round.  TUe  shape  of  the  bit  and  the  irregular  rotation 
hile  drilling  usually  produce  a  hole  with  a  triangular  section.  It 
r&s  observed,  many  years  ago  that,  when  a  blast  was  fired  in  a  hand 
rilled  hole,  the  rock  usually  broke  in  three  directions  radiating  from 
le  points  of  the  triangle  in  the  hole.  This  led  quarrymen  to  look 
tr  a  means  by  which  the  hole  might  be  shaped  in  accordance  with 
prescribed  direction  of  cleavage. 

A  system  used  successfully  for  a  number  of  years  comprises  the 
rilling  of  deep  holes  10  to  12  in.  diam.,  and  charging  them  with 
cploeives  placed  in  a  lune-shaped  canister  made  of  two  pieces  of 
leet  tin,  with  sections,  minor  segments  of  a  circle,  soldered  together, 
kd  the  ends  filled  with  cloth  or  paper.  Earth  or  sand  is  filled  in 
ound  the  canister  in  the  drill-hole,  so  that  the  effects  of  the  blasts 
e  practically  the  same  as  though  the  hole  was  drilled  in  the  shape 

the  canister.  Straight  and  true  breaks  are  made,  although  the 
stem  is  expensive,  as  obviously  a  larger  hole  than  necessary  is 
iUed. 

Another  of  the  older  systems  of  blasting  is  that  known  as  lewising. 
RTo  or  three  holes  are  drilled  close  together  on  parallel,  the  partitions 
tween  being  broken  down.  Thus  a  wide  hole  or  groove  is  formed, 
to  which  the  powder  is  charged  by  being  rammed  down,  or  in  a 
1  canister  the  shape  of  the  trench-hole.  This  system  is  confined 
nost  entirely  to  granite.  Then,  again,  there  is  the  well-known 
ag  and  feather  system,  in  which  the  plugs  are  driven  between  the 
kthers  by  the  blast,  and  the  rock  is  split.  This  process  frequently 
sultB  in  irregular  breaks  and  damage  at  the  top  of  the  hole. 

By  the  Knox  system  a  round  hole  is  drilled  by  hand  or  otherwise, 
eferably  by  a  machine  drill,  €U9  it  is  important  that  the  hole  should 
leed  be  round.  In  sandstone  of  medium  hardness  these  holes  may 
situated  10,  12,  or  15  ft.  apart.  Then  the  holes  should  be  reamed 
t  with  an  instrument  made  for  that  purpose,  at  least  1^  times  the 
kmeter  of  the  hole.  This  is  done  to  the  bottom  of  tiie  hole.  When 
ished,  the  hole  resembles  the  shape  of  the  canister.  I'hen  the 
le  is  charged  with  the  smallest  possible  amount  of  slow-acting 
wder;  dynamite  is  unsuitable.  The  cap  should  be  inserted  near 
^  bottom  of  the  cartridge.     Then  the  tampitig  is  put  in,  not 
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directly  upon  the  charge,  as  in  most  systems,  but  an  air-space  is  k 
between.  The  tamping  should  be  placed  about  6  to  10  in.  below  t] 
top  of  the  hole,  and  placed  securely  so  that  it  will  not  blow  oi 
The  intervening  air-space  may  be  tilled  with  a  wad  of  hay,  grat 
or  paper.  The  hole  is  now  ready  to  blast.  If  several  holea  are  on 
line  they  should  be  blasted  simultaneously  by  electricity.  The  ^St 
of  the  blast  is  to  make  a  vertical  seam  cocnecting  the  holes,  u 
the  entire  mass  is  sheared  several  inches  or  more.  The  explaoalii 
of  the  rationale  of  the  blast  is  that  the  gas,  acting  equally  in  i 
directions  from  the  centre,  is  forced  into  the  two  opposite  wedg 
shaped  spaces  by  a  force  equally  prompt  and  energetic.  All  rocl 
possess  tne  property  of  elasticity  to  greater  or  less  degree,  and  tb 
principle  being  excited  to  the  point  of  rupture  at  the  apioee  of  tl 
section  of  the  hole,  the  pis  enters  the  crack  and  the  rook  is  split 
a  straight  line,  simply  because,  under  the  circumstances,  it  cann 
split  in  any  other  way.  The  form  of  hole  is,  therefore,  almo 
identical  in  principle  with  the  old  canister  system,  save  that  it  hi 
the  great  advantage  of  a  shaped  groove  in  the  rock,  which  server  as 
starting-point  for  the  break.  It  is  also  more  economical  than  tl 
canister,  in  that  it  requires  less  drilling,  and  the  waste  of  stone  is  let 

The  mountings  for  drills  in  quarry  work  are  tripods,  bars,  gaddt 
frames,  &c.  The  tripod  is  the  most  useful  and  general  form  i 
mounting.  Tripods  are  at  the  present  time  made  with  legs  hariii 
universal  joints,  so  that  they  adapt  themselves  to  all  the  varvii^ 
conditions  of  quarry  work.  It  is  possible  to  set  up  a  rock  "dx^ 
mounted  on  a  tripod  on  rock  faces  of  most  irregular  form.  Holi 
may  be  put  in  from  a  vertical  position  to  a  horizontal  one. 

But  the  tripod  drill  is  applied  less  to  dimension  stone  quarri^ 
nowadays  than  formerly.  Quarry  bars  and  gadder  frames  are  no^ 
used  to  better  advantage.  In  broken  stone  quarries  where  the  sni 
laces  are  irregular,  and  where  the  quarrying  is  done  by  blasting,  tk 
tripod  is  the  best  form  of  mounting.  No  one  would  think  of  usifl 
anything  else  for  a  railroad  cut,  a  rubble  stone  quarry,  or  for  ve^ 
deep  hole  work  in  granite  quarrying.  A  modified  form  of  mounting 
known  as  the  Lewis-hole  tripod,  has  reoentlv  become  very  popnli 
in  the  New  England  granite  quarries.  This  is  a  regular  tripod  wi^ 
a  slot  cut  in  its  saddle  by  means  of  which  the  drill  may  be  movd 
laterally  and  in  a  parallel  line,  thus  putting  in  3  holes  close  to  eaJ 
other  without  having  to  move  the  tripod.  The  partitions  betw«« 
these  holes  are  sometimes  broken  down  by  a  broach,  and  the  hok 
charged  with  powder  for  bl  isting,  thus  making  a  br^ak  in  a  manoc 
somewhat  similar  to  that  made  in  the  Knox  syhtem. 

The  most  useful  mounting  for  a  rock  drill,  next  to  the  tripod,  u 
quarry  bar.     This  is  a  horizontal  bar  made  either  of  pipe  or  ang' 
iron  some  10  ft.  long,  with  end  pieces,  which  rest  upon  4  legs, 
drill  is  moved  along  the  bar  bv  means  of  a  rack ;  thus  a  numl. 
holes  are  pnt  in  exactly  parallel  with  each  other,  and  without  mov 
the  bar.     The  most  popular  use  of  the  quarry  bar  is  in  sandst 
quarries,  where  it  has  replaced  the  old  system  of  digging  a  tren 
with  a  pick  for  releasing  by  means  of  wedges.  -Since  the  introdactf 
"  '^e  quarry  bar,  drill  holes  have  been  put  in,  into  which  plugs  t 
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feathers  are  inserted  for  breaking  up.  The  plug  and  feather  prooess 
being  done  by  machinery  is  cheaper  than  wedging.  Another  advan- 
tage is,  that  when  the  splits  are  made  the  stone  has  not  the  same 
tendency  to  "  run  offl"  jPlug  and  feather  holes  vary  in  depth  from 
3  Id.  to  10  ft.  Shallow  hole  work  is  mostly  confined  to  granite 
quarrying.  Granite  possesses  a  remarkable  capacity  to  break  on  a 
true  line,  hence  small  holes  of  about  the  diameter  and  depth  of  one's 
finger  are  put  in  on  a  straight  line,  and  by  means  of  little  plugs  and 
feathers  a  furce  is  exerted  on  this  line  which  will  break  a  block  even 
to  a  depth  of  6  ft.,  leaving  a  space  as  true  as  though  it  had  been 
channelled. 

In  sandstone  quarries  plug  and  feather  holes  are  usually  put  in 
2  or  3  ft.  deep  for  breaks  of  two  or  three  times  the  depth  of  hole,  but 
in  almost  every  case  the  depth  of  a  plug  and  feather  hole  must  be 
regulated  by  the  breaking  capacity  of  the  stone.  It  is  sometimes 
aeoessary  to  run  the  hole  entirely  through  the  block  in  order  to 
insure  a  straight  break.  In  the  Tuckahoe  marble  quarries  plug  and 
feather  holes  are  put  in  about  10  ft  in  depth  and  only  f  in.  diam. 
[t  has  been  found  necessary  to  drill  entirely  through  the  blocks  to 
|>reyent  "running  ofif." 

It  is  not  necessary  in  every  case  to  use  plugs  and  feathers  that 
ire  equal  in  length  to  the  diameter  of  the  hole,  but  it  is  sometimes 
tdyisable  to  drill  deep  holes  in  order  to  weaken  the  block  and  ensure 
k  straight  break.  A  system  in  common  use  in  marble  quarries  is  to 
Irill  plug  and  feather  holes  alternately  2  or  3  ft.  in  depth — that  is, 
irery  other  hole  is  a  deep  one. 

Quarry  bars  are  used  for  putting  in  bottom  holes  for  "  lofting  " 
D  the  Indiana  and  Kentucky  oolitic  quarries.  Small  sizes  known  as 
he  ^  Baby  "  are  sufficient  for  this  work.  The  largest  bars  are  used 
a  granite  for  broaching  work,  where  holes  are  driUed  about  f  in. 
part  and  to  the  full  depth  of  the  bed,  the  partitions  separating  the 
tolee  being  afterwards  broken  down  with  a  broach.  This  work 
eqnires  a  powerful  drill,  a  strong  bar  and  perfect  alignment. 

The  size  of  rock  drill  best  suited  for  the  various  conditions  that 
liet  in  quarry  work  is  of  importance.  The  tendency  is  to  get  a 
|ower  drill  that  is  too  small  for  the  work.  The  quarryman  wants  a 
ight  machine.  This  question  of  lightness  is  frequently  given  more 
uportance  than  it  deserves.  The  early  drills  that  were  put  on  the 
ocks  in  the  upper  part  of  Manhattan  Island,  and  which  were  the 
rst  steam  drills  that  were  mounted  on  tripods,  were  light,  handy 
lachinee.  The  inventor  evidently  had  his  mind  biassed  by  the  oppo- 
itiou  of  the  drill  runner  to  a  heavy  machine,  and  in  order  to  get 
nybody  to  use  it,  it  was  necessary  to  make  it  light. 

It  is  a  fact  that  the  weights  of  percussive  drills  have  been 
Tadually  increased  during  the  last  15--20  years.  That  is,  for  the 
ime  kind  of  work  a  man  to-day  uses  a  heavier  machine  than  was  used 
)r  the  same  work  years  ago. 

It  is  undoubtedly  true  that  lightness  is  an  important  consideration 
a  a  power  drilL  It  cannot  be  too  lieht  in  weight  so  far  as  handling 
I  concerned,  but  it  may  easily  be  so  light  that  the  work  it  does  is  so 
itUe  ki  proportion  to  hand  labour  that  it  may  hardly  pay  to  use  it 
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The  power  of  a  percussive  drill  is  in  direct  proportion  to  il 
diameter  of  cylinder.     The  size  of  the  piston,  like  the  arm  of  a 
is  the   gauge  of  strength.     The  steam  or  air  pressure   is 
uniform,  varying  from  60  to  80  lb.  per  sq.  in.,  so  that  the  qu 
pressure  does  not  come  in  when  figuring  on  the  size  of  a  dxil|^j 
suited  for  the  work.     A  rock  drill  of  large  diameter  of  pistoa  1  ^" 
a  hard  blow  and  has  strength  to  recover  from  a  bad  hole,  while 
of  small  piston  diameter  strikes  a  light  blow  and  is  easily 
the  hole. 

In  broken  stone  quarries,  or  even  in  dimension  stone  whean^! 
drills  are  mounted  on  bars,  it  pays  to  use  big  drills.    Where  " 
put  in  15  to  25  ft.  deep  the  diameter  of  the  drill  cylinder  should 
be  less  than  3^  in.     In  hard  rock,  such  as  that  of  the  Pali»idea4 
Hudson,  it  pays  to  use  drills  of  about  4i  in.  diam.  of  cylinder 
holes  15  ft.  deep.     This  has  been  demonstrated  to  satisfaction. 

Crimmins  uses  drills  of  3^  in.  diam.  of  cylinder  for  rodt 
where  holes  are  put  in  only  8  to  10  ft.  deep,  and  he  states  that  il 
to  do  so.     It  would  be  an  easy  matter  to  cite  numerous  insta 
this  kind,  all  of  which  prove  that  experience  with  power  drillii 
work  leads  men  to  use  drills  of  large  size. 

In  hard  rock,  where  the  surface  is  irregular,  it  takes  more 
put  in  a  hole  than  it  does  to  move  the  machine  in  position  for  \ 
one.     Let  us  assume  that  it  takes  1  hour  to  drill  a  hole  10  fit 
There  are  not  many  places  where  an  hour  is  consumed  in  moving 
machine  and  getting  started  for  another  hole.     This  being  tiw^' 
should  evidently  seek  to  get  a  machine  that  has  as  much  po^ 
possible,  or  in  other  words,  that  will  drill  a  hole  as  rapidly  as 
after  once  having  been  set  up  and  started.    We  should  rather 
time  due  to  moving  a  heavy  weight  than  sacrifice  time  in  < 
because  the  drilling  time  is  that  which  is  longest. 

There  are  other  reasons  in  favour  of  large  drills,  such  as  po' 
work  through  bad  places,  freedom  from  breakage,  &c. 

In  dimension  stone  quarries,  where  the  drills  are  provided 
bars  or  other  fi«rms  of  mounting  by  which  they  can  be  readily 
it  pays  to  use  machines  that  are  powerful  enough  to  overcome  si 
and  to  strike  a  hard  enough  blow  not  only  to  drill  the  rock  wbstt 
hole  is  clean,  but  to  penetrate  the  mud  and  muck  which  is  in 
at  the  bottom  of  a  **  down  "  hole. 

The  Ingersoll-Sergeant  Drill  Co.  have  taken  a  foremost 
with  stone  quarrying  machinery.      A  representation  of  their 
channellerat  work  is  shown  in  Fig.  98.     This  machine  will  out. 
sq.  ft.  of  channel  per  month,  and  to  a  depth  of  10  ft,  in  8| 
moderate  hardness.    It  needs  no  blasting,  and  saves  all  the 
Completely  furnished,  it  weighs  about  3200  lb.,  and  costs  210L 

Slaie, — The  slate  most  in  demand  for  roofing  and  other  pu: 
a  clay -rock  of  great  compactness  and  very  fine  grain.  Orij_ 
was  a  deposition  from  water  in  which  it  was  held  in  suspension |V 
altliooigh  deposited  in  layers,  it  has,  under  the  influence  of  he«l 
couipression,  experienced  marked  changes,  one  of  the  results  beinj 
that  it  will  not  divide  along  the  planes  of  its  bedding,  bat  spliti 
readily  on  what  are  called  "  the  planes  of  slaty  cleavage."     This  fiicik 
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The  essentials  of  the  slate  of  oommerce,  snob  as  is  nsed  for  roofing 
billiard  beds,  mantels,  blackboards,  tilings,  urinals,  caskets,  graTi 
covers,  steps  and  risers,  boxes,  wainscoting,  water  tables,  sills  um 
lintels,  trimmings  for  bnildings,  and  many  other  purposes,  are  haid 
ness  and  toughnesR. 

When  too  soft,  the  stone  will  absorb  moisture ;  the  nail  hdcB  o 
the  roofing  slate  become  enlarged,  the  slates  loosen,  and  require  re 
placement ;  also,  if  too  brittle,  the  slate  breaks  un<ler  the  weight  of  \ 
man.  When  a  hole  is  punched,  no  tenderness  in  the  material  or  ten 
dency  to  enlargement  of  the  opening  should  be  seen.  Struck  will 
the  knuckles,  a  good  slate  gives  out  a  sharp,  metallic  ring.  Ooloor  i 
not  a  reliable  guide  in  estimating  the  durability  of  a  slate.  Blad 
varieties  are  not  in  favour ;  the  general  impression  is  that  they  Iut 
not  the  necessary  durability.  Dark  blue,  bluish  black,  purple,  graj 
and  green  are  the  common  colours ;  some  of  the  purple  slates  carr 
spots  of  light  green,  which,  by  the  way,  do  not  injure  their  dnrabOit] 
but  the  grade  is  lowered  by  lack  of  uniformity  in  colour. 

In  judging  of  the  quality  of  a  slate  by  tilie  eye,  a  great  deal  < 
experience  is  required.    The  following  tests  are  recommended : — 

(1)  Weigh  the  dry  slate,  then  immerse  in  water  for  24  houn 
take  out,  wipe  dry,  and  weigh  again ;  the  increase  in  weight  will  Ij 
the  amount  of  water  absorbed. 

(2)  Place  the  slate  on  its  edge  in  water  so  that  half  the  snrfiause  i 
covered ;  if  it  be  of  poor  quality,  moisture  will  creep  by  capillar 
attraction  into  that  part  of  the  slate  above  the  water  line,  but  it  wij 
not  do  so  in  a  good  slate. 

(3)  Breathe  on  the  slate,  and  if  a  strongly  marked  argillaoeoas  c 
clayey  odour  is  detected,  it  is  safe  to  assume  the  slate  will  disintegral 
easily  under  atmospheric  influences. 

Dark  veins  running  through  the  slate  are  objectionable,  as  the; 
are  liable  to  split  along  the  line  of  least  resistance — nearly  alwa^ 
found  to  be  in  the  course  of  this  vein  or  streak. 

Crystals  of  iron  pyrites  should  also  be  suspected  (partioularl 
when  present  as  marcasite  or  white  iron  pyrite),  which  oxidise  ver 
quickly  when  exposed  to  moisture  and  air. 

The  ordinary  cubiform,  brassy,  yellow  iron  pyrites  have  muc 
greater  power  of  resistance  to  meteorological  influences  than  the  mai 
casite.  They  have  been  found  in  the  atmosphere  of  Glasgow  unaltere 
after  an  exposure  of  100  years. 

The  behaviour  of  slates  towards  sudden  changes  of  teroperatnt 
has  also  been  the  subject  of  direct  experimental  examination.  Th 
quality  iii  this  respect  may  be  estimated  by  first  saturating  the  slat 
in  water,  by  allowing  it  to  remain  immersed  for  some  days,  and  the 
placing  it  in  a  mixture  of  salt  and  ice  for  24  hours.  Its  behaviour  a 
heating  can  also  be  ascertained  by  warming  a  sample  at  about  500""  I 
for  5-6  hours,  and  then  suddenly  plunging  it  into  water.  A.  roug 
approximation  of  the  quality  of  a  slate  may  be  obtained  by  immersiDj 
the  broken  fragments  in  hydrochloric  acid,  when  a  bad  quality  wil 
at  once  be  recognised  by  the  amount  of  carbonic  acid  gas  evolved  fros 
the  limestone  present.  By  heating  some  chips  in  a  glass  tube  closer 
at  one  end,  a  sublimate  of  yellow  sulphur  and  a  smell  of  sulphnroni 
acid  will  be  observed  in  most  inferior  kinds  of  roofing  slate. 
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The  tenacity  of  Blate  and  its  power  of  resisting  pressure  is  very 
rreat ;  on  an  average  it  takes  20,000  lb.  weight  to  crush  1  cub.  in.  of 
late ;  hence  its  adaptability  in  thin  plates  for  roofing  purposes.  The 
oruposition  of  blue  Wel^h  roofing  slate  (Prof.  Hull)  is  as  follows  : — 
iilica,  60 '50;  alumina,  19*70;  iron  protoxide,  7-83;  lime,  1'12; 
oajniegia,  2-20;  potash,  3-18;  soda,  2-20;  water,  3-30. 

That  of  purple  slate  (Kerwan)  is: — Silicat,  48*0;  argillaceous 
latter,  26-0;  magnesia,  8-0  ;  lime,  4-0;  Iron  (FcaOg),  14-0. 

The  composition  of  green  Westmoreland  slate  is: — Silica,  55 "8 
lamina,  25*7;  ferrous  oxide,  9' 5;  ferric  oxide,  0*3;  lime,  4*4 
irbonio  acid,  3*2;  hygroscopic  water,  0*2;  |K)tash  and  soda,  0*4 
^pper,  traces. 

Blue  Westmoreland  slate  is  composed  as  follows : — Silica,  59*3; 
lamina,  17*5;  ferrous  oxide,  3*8;  ferric  oxide,  2*3;  lime,  5*0; 
irbonic  acid,  2*4;  sulphuric  acid,  3*3;  moisture,  0*3;  combined 
rater,  5*7 ;  potash  and  soda,  0*2 ;  magnesia,  traces. 

Some  very  practical  hints  on  opening  a  slate  quarry  to  a  given 
rodoctipn  were  -published  in  a  paper  read  before  the  British  Society 
r  Mining  Students,  from  wliich  the  following  notes  are  condensed. 

The  estimate  is  based  on  an  open  quarry  to  the  extent  of  6 
bargains,"  reckoned  to  produce  about  180  tons  of  slate  per  month, 
id  developed  by  an  adit. 

In  front  of  the  slate  bed  is  a  layer  of  hard  rock  (porphyry)  about 
)  yd.  thick,  and  as  the  slate  rock  on  the  surface  or  outcrop  to  the 
spth  of  5  or  6  yd.  is  unproductive,  it  will  be  necessary  to  commence 
»  level  low  enough  to  allow  a  depth  of  at  least  20  yd,  at  the 
tzB-breafit  The  5  or  6  yd.  bad  rock  on  the  top  can  be  removed  by 
eans  of  an  open  cutting  on  the  top,  thus  making  considerable  saving 
I  the  distance  of  transit. 

Having  cut  through  the  hard  rock  into  slate,  the  level  might  be 
•atinued  a  few  yards  farther,  if  thought  necessary,  to  prove  the  rock, 
though  this  has,  to  a  certain  extent,  been  done  in  removing  the  top 
ck.  The  next  step  is  to  open  communications  between  the  end  of 
tnnel  and  top  floor,  by  sinking  down  frum  that  floor,  and  by  opening 
}  from  end  of  tunnel  simultaneously.  The  average  dimensions  of  a 
Ue  "bargain"  is  about  10  yd.  wide  by  15  yd.  high,  and  as  it  is 
tended  to  develop  the  quarry  to  the  extent  of  6  bargains,  we  shall 
qaire  a  clear  face  of  30  yd.  right  and  left  of  the  tunnel.  First  out 
Bpace  sufficiently  wide  to  allow  one  bargain  to  work.  This  cutting 
Qsoally  done  by  miners,  but  after  the  first  bargain  has  got  to  wor^ 
ul  more  space  is  available,  another  staff  of  men  may  now  be  set  to 
ork  to  follow  set  number  one ;  the  miners  are  no  longer  required,  as 
«  qnarrymen  themselves,  with  a  little  extra  price  for  a  month  or  two, 
ill  open  their  own  quarry.  The  same  order  is  repeated  until  the  six 
o^ams  are  in  full  work. 

The  top  floor  being  in  full  working  order,  and  the  rock  turning 
>t  satisfactorily,  thus  encouraging  further  developnient,  another 
cilery  may  now  be  formed  by  bringing  another  tunnel,  care  being 
ken  to  start  low  enough,  in  order  to  attain  a  good  height  of  slate  at 
e  fore-breast. 

The  width  of  the  galleries  ought  to  be  at  least  15  yd.,  more  if 
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possible ;  if  they  are  narrow,  serious  oonsequenoes  may  result  from 
falls  of  rock  rolling  over  into  the  gallery  below. 

The  cost  of  developing  the  quarry  just  described  may  be  estimatd 
as  follows : — 

£        <.    4. 

Clearing  top  rock  for  No.  1  gallery,  60  yd.  x  12  x  6  deep 

=  4320  cub.  yd.  =  8640  tone  at  9{i  per  ton 324    0  0 

Driving  level  7  ft.  x  6  ft.,  40  yd.  long  at  2i.  10«. 100     0  0 

Sinking  eliaft,  15  yd.  deep  X  8  ft.  X  6  ft.  at  62.  lOf 97  10  0 

Opening  face  on  rock  30  ft.  x  45  ft  x  4  ft.  =  66  cub.  yd.  at 

5a.  per  yard 16  10  0 


da.peryara 

The  necessary  plant  to  work  the  quarry  would 
as  follows : — 


be 


6  tons  14-lb.  Bteel  rails  at  62.  lOf.  per  ton 39  0  0 

Sleepers,  500  at  lOd.  each 20  16  8 

Brobs  and  nails       3  0  0 

20  tram  wagons  at  72 140  0  0 

2  weigh  machines  and  sheds,  one  for  top  floor  and  one  for  No.  1 

gallery,  at  202. 40  0  0 

Powder  house 20  0  0 

Smith'd  shop  and  tools 80  0  0 

Sundries 50  0  0 

Management  and  sundry  expenses,  2  years       300  0  0 


£1230  16    8 


837Z.  10«.  of  this  would  be  spent  on  the  quarry,  and  remainder 
plant  and  materials. 

Taking  30  tons  as  the  monthly  production  of  each  slate 
the  quarry  with  six  bargains  would  be  equal  to  a  monthly  piodi 
of  180  tons. 

When  the  slate  bed  crops  up  to  the  surface,  and  promisee  to  be 
good  quality,  the  following  method  of  opening  out  might  be  ad 
tageously  adopted,  providing  the  hill  slopes  rapidly. 

It  will  require  a  cutting  60  yd,  wide.  Of  this,  at  first,  a  third  naj 
be  taken,  allowing  two  of  the  bargains  to  be  working  while  tt 
remaining  two-thirds  is  being  cut.  Each  bargain  being  10  yd.  wuh 
and  the  distance  from  the  face  of  one  gallery  to  the  faoe  of  the  sci 
behind  being,  say,  15  yd.,  a  space  of  60  yd.  x  15  yd.  must  be  cleai« 
for  each  gallery,  and  allowing  for  the  slope  of  the  hill,  the  rock  to  I 
removed  would  at  leafit  average  a  depth  of  9  yd.  Each  subeeqiui 
gallery  could  be  opened  in  the  same  manner,  care  being  taken  not! 
cover  any  good  slate  rock  below  with  the  debris  from  the  gaUer 
above.  To  avoid  this  an  incline  is  sometimes  made  the  full  length  I 
the  quarry,  by  the  aid  of  which  all  the  good  as  well  as  the  bad  nd 
is  conveyed  to  the  bottom,  and  the  bad  rook  deposited  on  unproducdi 
ground.  Care  should  be  taken  not  to  fix  the  incline  so  as  to  interfti 
with  the  extension  of  the  quany. 

The  cost  may  be  estimated  as  follows : — 

£       «.      ^ 

Clearing  top  rock  15  yd.  x  60  yd.  x  9  yd.  =  8100  cub.  yd. 

=  16,200  tons  at  Sd.  per  ton 607  10    0 

Incline,  with  drum  and  Duiidings       200    0    • 

Cost  of  plant,  &c.,  as  per  particulars  in  estimate  for  preyiuus 

quarry,  say 400    0    0 

£1207  10    0 
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The  produce  of  this  quarry  would  be  equal  to  the  other,  viz.  180 
»08  per  month. 

Slate  quarries  are  usually  deep  open  cuttings,  with  sides  as  rude 
}  imagination  can  paint.  Those  situated  on  hillsides  are  worked 
J  means  of  tunnels ;  but  there  are  quarries  worked  similar  to  a  coal 
ine  underground. 

In  the  first  place  it  is  necessary  to  blast  the  rock  down  from  the 
iff  side.  The  "  docker-up  "  views  the  huge  blocks,  which  by  means 
^  a  hammer  and  chisel  are  reduced  to  more  convenient  sizes,  loaded 
ito  trucks,  and  by  means  of  a  water  balance  or  some  other  convenient 
Tangement,  are  hoisted  out  of  the  pit  and  delivered  in  front  of  the 
tlitting  sheds.  The  blocks  have  now  reached  their  final  destination 
revious  to  being  made  into  slates. 

Suppose  a  block  6  ft.  long  by  2  ft.  wide.  This  is  much  too  long 
r  the  largest  slates  that  are  required.  To  cut  it  into  the  most 
arketable  size,  making  it  into  two  blocks  3  ft.  by  2  ft.,  a  small 
>erture  is  cut  in  one  side,  and  by  means  of  a  series  of  heavy  blows 
L  the  other  side,  immediately  above  the  apei*ture,  with  a  large 
XKien  mallet,  the  block  is  cut  in  two;  it  is  now  taken  into  the 
ilitting  sheds  and  there  awaits  further  development  at  the  hands  of 
e  splitter.  In  quarries  where  machinery  is  in  use  for  sawing  the 
cckiB  the  mallet  is  not  used. 

Two  methods  of  splitting  are  used  in  England,  but  only  one  in 
ales,  viz.  the  mallet  and  chisel,  whereas  in  England  they  use  both 
d  **  chisel "  and  '*  hammer." 

The  *^ chisel"  man  arranges  his  blocks  along  his  left  side,  and 
ter  adjusting  himRelf  on  a  low  seat,  takes  a  block  which  be  rests 
»on  his  left  knee ;  by  placing  his  chisel  on  the  end  of  his  block  and 
-ikiiig  it  with  his  mallet,  he  is  able  to  reduce  a  thick  block  into  thin 
ites.  The  ''  hammer "  man,  unlike  his  colleague,  does  his  work 
mding ;  he  takes  a  block  of  slate  and  places  it  on  a  raised  platform 
^nt  of  him,  erected  for  the  purpose ;  he  holds  the  block  with  one 
nd  and  the  hammer  in  the  other,  the  splitting  of  the  block  being 
somplished  by  a  series  of  gentle  blows  along  the  end. 

The  speed  of  splitting  is  regulated  by  the  cleavage ;  when  the 
lavage  is  bad,  the  work  of  the  splitter  becomes  very  slow  and 
lions,  the  slates  are  heavy,  rough,  and  of  inferior  quality.  When 
3  cleavage  is  good,  the  work  is  much  more  expeditiously  done,  the 
tes  are  more  uniform  in  thickness,  finer,  and  better. 
The  manner  in  which  the  Colly weston  slates  are  made  is  some* 
lat  novel.  Large  blocks  are  dug  in  the  autumn,  and  being  placed  in 
lifferent  position  from  that  which  they  had  in  the  quarry,  the  rain 
annates  itself  between  the  layers  of  the  stone,  and  in  frosty  weather 
»  water,  swelling  as  it  becomes  ice>  splits  the  block  of  stone  into 
ites  of  a  proper  thickness.  The  dresser  now  takes  the  tiiin  slabs  in 
nd,  and  with  his  dressing  knife  and  travers-e  cuts  the  slates  to 
>per  shape  and  sizes.  To  give  an  idea  of  the  fineness  to  which 
xl  blocks  can  be  split,  it  may  be  stat^  that  a  block  2\  in.  thick  can 
split  into  40  slates  measuring  20  in.  x  10  in. 
borne  queer  technical  terms  are  used  in  connection  with  slating, 
inet  are  used  to  indicate  the  sizes  of  slates.    One  10  in.  by  13  in. 
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is  known  as  a  "  double."  Smaller  slates  are  called  **  small  doaUes,** 
The  next  larger  size  are  known  as  '*  plantations  *' ;  the  next  sis  ii 
called  "  viscountess."  Sizes  ranging  from  8  in.  by  12  in.  to  10  in.  bj 
16  in.  are  called  "ladies";  from  10  in.  by  20  in.  are  called  " coun^ 
tesses,"  up  to  14  in.  by  24  in.,  which  are  known  as  ''  princesses." 

In  American  practice  slates  run  simply  by  inches,  from  7  in.  Iqi 
14  in.  up  to  17  in.  by  24  in.  The  thickness  of  slates  ranges  froq 
*  125  to  *3215  in.,  and  their  weight  varies  from  2  lb.  to  4J^  lb.  persq.  fi 
A  square  of  slating  is  rated  as  any  other  roofing  equal  to  ICK)  sq.  fu, 
the  gauge  is  the  distance  between  the  courses,  while  lap  is  counted  ai 
the  distance  which  each  slate  overlaps  the  slate  lengthwise  not 
below  but  one. 

Lap  varies  from  2  in.  to  4  in ,  and  a  standard  lap  is  about  3  is. 
As  above  stated,  a  good  slate  roof  should  have  about  square  pitdi,  bq 
slates  should  never  be  put  upon  a  roof  which  pitches  less  than  1  fi  ii 
4  ft.  When  it  is  desired  to  compute  the  surfeice  of  a  slate  when  laij 
and  the  number  of  squares  of  slating,  subtract  the  lap  from  the  lengdj 
of  a  slate  which  is  taken  as  distance  frum  nail-hole  to  tail,  and  osq 
half  the  remainder  will  give  length  of  surface  exposed ;  this  wb^ 
multiplied  by  width  of  slate  will  give  the  surface  required.  | 

To  ascertain  the  number  of  slates  required  for  a  square,  di  * 
14,400,  which  is  the  area  of  one  square  in  inches,  by  the 
obtained  above,  and  the  quotient  will  give  the  number  of  sUi 
required  fur  one  square.  For  an  example,  take  a  slate  12  in.  by  24  i 
taking  a  standard  lap  3  in.,  the  number  required  for  a  square  will 
found,  by  subtracting  3  from  24=21,  and  21  divided  by  2  =  10|i 
which,  multiplied  by  12  =  126  in. ;  14,400  the  total  area  to  be  coven 
divided  by  126,  which  equals  the  area  of  one  slate,  gives  114  29-i 
slates  required  for  the  square. 

Slate  weighs  165  lb.  to  180  lb.  per  cub.  ft.,  and,  in  consequence  < 
lap,  it  requires  an  average  of  2^  sq.  ft  of  slate  to  make  1  ft.  of  slatief 
When  slate  *125  in.  thick  is  laid  on  laths,  it  weighs  4*75  lb.  pi 
cub.  ft. ;  when  the  same  is  laid  on  1-in.  boards,  it  weighs  6-75  lb.  pi 
cub.  ft  Slate  *1875  in.  thick  on  laths  and  boards  weighs  7  lb.  ai 
9  lb.  respectively.  A  •25-in.  slate  weighs  9*15  lb.  and  11-25  U 
respectively.  The  thickest  kind,  gauging  *  321 5  in.,  weighs  1 1  *  15 1| 
and  14*10  lb.  on  laths  and  boards. 

A  slate  roof  composed  of  6-in.  by  13-in.  slate  weighs  1680  lb. 
square,  and  rci^uires  480  slates.      A  10-in.  by  20-in.  slating  wei 
6720  lb,  and  requires  171  slates    per  square.     A  12-in.  by  24-J 
slating  requires  125  slates,  and  weighs  4480  lb. 

The  output  of  slate  in  the  United  Kingdom  reaches  nearly  hilf 
million  tons  a  year,  with  a  value  of  about  50«.  a  ton.  i 

Jtff2/«(ofie8.--Stones  adapted  for  the  making  of  mills  for  gxindia 
grain,  seeds,  cements,  phosphates,  pigments,  and  similar  subetanoesl 
a  fine  powder  are  of  several  kinds,  embracing  "  grits  "  and  ^^  buhq 
which  are  sandstones  of  frcHh-water  origin,  as  w^  as  certain  qi 
ites  (metamorphic),  and  lavas  (volcanic).     The  qualities  desuvd 
such  stones  are  hardness  combined  with  toughness  or  cohesion, 
sufficient  porosity  to  give  the  grinding  surface  a  good  hold.     As  i 
in  mills,  the  stones  are  built  up  from  numerous  pieces  about  1 
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are,  clamped  with  iron  bands  and  backed  with  a  concrete  made 
n  chips  and  fragments.  The  grinding  face  is  dressed  all  over  with 
ores.  European  supplies  come  from  the  Silurian,  carboniferous 
[  old  red  sandstone  grits  of  England,  the  metamorphic  quartzites 
^tland  and  Norway,  and,  the  best  kinds,  from  the  Tertiary  sand- 
aes  of  Seine  et  Mame,  France,  and  the  Tertiary  lavas  of  the 
ine. 

The  flint  and  quartz  conglomerate  from  which  American  mill- 
068  are  made  is  found  at  different  places  along  the  Alleghany 
antains.  In  Ulster  county.  New  York,  it  is  quarried  under  the 
oe  of  '^  esopus  stone ;  "  in  Lancaster  county,  Pennsylvania,  it  is 
>wn  as  "  cocalico  stone ; "  in  Montgomery  county,  Virginia,  it  is 
led  "  Brush  mountain  stone,"  and  in  Moore  county.  North  Carolina, 
8  found  as  **  North  Carolina  grit." 

WheUUmes. — Much  finer  grain  is  required  in  a  grindstone,  but 
erwise  its  qualities  resemble  those  of  the  millstone  series— hard- 
B,  toughness,  and  uniformity  of  texture.  They  may  be  all  classed 
Bandstones,  varying  in  fineness  of  grain.  British  supplies  come 
^Ij  from  the  coal  measures,  but  also  from  the  old  red  sandstone, 
oolite,  and  the  greensand  beds.  Kenton,  Gk>sforth  and  Eighton 
iks  (near  Newcastle),  Wickersley,  Haverley,  and  Congleton  (in 
rftsbire),  Bilston  (in  Staffordshire),  Craigleith  (near  Edinburgh), 
I  many  other  places  afford  a  useful  article. 

The  still  finer  grained  stones  used  as  hones  and  oil-stones  are 
re  properly  schists  and  slates  of  very  close  and  compact  texture,  in 
ich  the  silica  is  in  an  exceedingly  fine  state  of  subdivision.  The 
t  known  *'  batts  "  for  whetting  scythes,  &c.,  are  obtained  from  the 
rer  carboniferous  sandstones  of  Lomond,  Fifeshire,  the  millstone 
t  and  ganister  beds  of  the  coal  measures  in  Yorkshire,  and  the 
ensands  of  the  Blackdown  hills,  Devonshire.  The  '*  rag-stones " 
Scotland,  Norway,  and  Russia  are  highly  silicious  mica  schist,  the 
t  named  being  the  softest.  The  most  familiar  of  the  European 
itonee  are  the  "  Charley  Forester,"  a  corruption  of  Chamley 
wt,  Leicestershire,  the  "Water  of  Ayr"  or  "snake-stone"  of 
rshire,  the  Welsh  date  and  the  Grerman  novaculite  from  the  slate 
fi  around  Batisbon ;  but  better  than  any  of  these  are  the  "  Turkey 
stones  "  from  Asia  Minor.  Much  is  also  imported  from  the  United 
tea. 

Of  the  important  American  supply  of  silicious  rock  used  for 
rpening  edged   tools,   Arkansas,  Indiana,  and   New  Hampshire 
ysh  the  biuk ;  a  small  quantity  is  produced  in  Vermont.     The 
■nsas  stone  is  found  in  the  neighbourhood  of  Hot  Springs,  and  is 
«ed  to  have  been  formed  by  the  action  of  hot  water  upon  the 
z  formations.     It  is  found  in  two  varieties,  known  as  "  Arkan- 
and  "  Washita "  stone,  the  grains  in  the  former  being  smaller 
more  compact,  of  a   uniform   bluish-white   colour,  and   semi- 
parent,  while  the  Washita  stone  is  more  opaque,  and  of  a  pure 
^  colour.    In  Indiana  two  varieties  also  occur,  known  commer- 
f  as  "  Hindostan  "  and  "  Orange  "  stone,  the  former  being  white  in 
r  and  the  latter  of  a  buff  or  orange  tint.    The  quarries  are  all 
»1  in  Orange  county.     The    quarries  in  New  Hampshire  are 
[  2  B  2 
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located  in  Grafton  county,  and  the  product  consists  of  "  rift  sandstone' 
and  *'  chocolate "  whetstone.  The  Vermont  quarries  are  located  in 
Orleans  county,  and  the  product  is  used  exclusively  for  scythe-«ton€?w 
Some  *' Labrador"  oilstones  have  in  the  past  been  produced  at 
Manlius,  Onondaga  county,  New  York,  but  tne  factory  is  now  used 
for  the  manufacture  of  oilstones  from  Arkansas  and  Washita  stone, 
The  output  of  the  different  kinds  of  sharpening  stones  in  1889  cos- 
sisted  of  456  tons  of  scythe-stone,  1500  tons  of  rift  sandstone,  15  toia 
of  orange  stone,  500  tons  of  Washita  oilstone,  80  tons  of  Arkanai 
oilstone,  and 
6000Z. 
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SULPHUR. 

The  following  remarks  relate  exclusively  to  native  sulphur  (brim- 
tone).  Though  the  amount  of  sulphur  annually  mined  in  the  form 
f  snlphi'tes  of  various  metals  («.  g.  iron  and  copper  pyrites,  galena, 
dende,  &c.)  probably  far  exceeds  that  obtained  in  the  uacombined 
tate,  still,  the  separation  of  the  sulphur  in  an  utioxidised  condition 
rom  such  compounds  is  never  attempted,  for  the  simple  rea<)ons  that, 
D  the  processes  for  extracting  the  suvernl  metals  from  their  ores,  the 
irat  step  necessary  is  the  elimiuation  of  the  combined  sulphur,  which 
I  most  easily  effected  by  a  roasting  or  oxidising  operation,  wheieby 
be  sulphur  is  at  once  converted  into  sulphurous  acid,  itself  a  valuable 
ommodity.  and,  moreover,  capable  of  being  readily  oxidised  one  step 
arther  to  form  sulphuric  acid,  the  chief  purpose  for  which  sulphur  is 
Dnsamed. 

Italy  and  Sicily  together  furnish  the  greater  part  of  the  sulphur 
f  commerce,  the  major  portion  coming  from  Sicily.  As  to  the  geo- 
3gical  history  of  the  sulphur  beds  of  that  island,  it  has  been  supposed 
bat  at  the  end  of  the  Middle  Miocene  period  the  sulphur-bearing  area 
ras  raised,  and  lakes  were  formed  in  which  occurred  the  deposition  of 
lie  snlphur  rock  and  its  accompanying  gypsum,  tripoli,  and  silicious 
ime^stoDe.  The  sulphur  r<K5k  is  composed  of  sulphur  and  marly  lime- 
tone,  the  sulphur  being  sometimes  disseminated  through  the  limestone, 
nd  at  others  forming  thin  alternate  layers  with  it.  These  sulphur- 
earing  seams  are  often  separated  by  layers  of  black  marl,  20  in.  to 
ft.  thick,  some  seams  attaining  a  thickness  of  28  ft.  The  total 
ggregate  thickness  of  the  sulphur  seams  reaches  100  ft.  in  one  case, 
«t  the  average  total  is  10  to  12  ft.  only.  All  the  seams  are  decom- 
osed  at  their  outcrop,  and  show  only  an  accumulation  of  whitish 
riable  earth,  called  hriscale  by  the  miners,  and  n  ai  ily  composed  of 
ypsum.  This  has  resulted  from  the  oxidation  of  the  sulphur  to 
alphuric  acid  by  atmospheric  agency,  the  acid  in  turn  attacking  the 
me  carbonate,  and  forming  sulphate  (gypsum).  The  most  plausible 
apposition  as  to  the  origin  of  iiie  sulphur  seams  would  appear  to  be 
bat  the  lakes  received  streams  of  water  containing  calcium  sulphide 
\  eolation,  this  calcium  sulphide  probably  resulting  from  a  reduction 
f  the  masses  of  calcium  sulphate  (gypsum)  by  the  action  of  volcanic 
eat  Gradual  decomposition  of  the  calcium  sulphide  in  the  presence 
f  water  would  finally  result  in  a  deposition  of  sulphur  and  of  lime 
arbonate,  in  the  relative  proportions  of  24  and  76  per  cent.  As  a 
latter  of  fact,  much  of  the  Sicilian  ore  actually  has  this  percentage 
imposition.  Whatever  the  process  has  been,  it  is  no  longer  in 
ctirity,  and  there  is  no  growth  nor  renewal  of  the  beds,  in  this 
Bspect  differing  essentially  from  recent  deposits  due  to  **  living " 
olfataric  action. 
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The  sulphur  country  lies  to  the  south  of  the  Madonia  cliAhi 
mountains,  embracing  nearly  the  entire  provinces  of  Caltanisetta  u 
Oirgenti  to  the  seaboard,  and  part  of  that  of  Catania ;  in  addition 
these,  there  is  a  group  of  mines  in  the  south  of  the  pxoTinoe 
Palermo.  The  principal  centres  of  this  industiy  are  at  the  inin« 
Caltanisetta,  Castrogiovanni,  Montedoro,  San  Cataldo,  Serradifal< 
Sommatino,  Yalguanera,  and  Villarosa,  in  the  province  of  Galtanisett 
Aragona,  Casteltermini,  Cattolica,  Cianciana,  Comitini,  Favara,  Grot^ 
and  Racalmuto  in  the  province  of  Girgenti ;  and  Lercava  in  tiiat  | 
Palermo.  In  very  rich  lands  the  veins  do  not  average  more  th^ 
6j  to  27  ft.  thick,  with  sterile  strata,  from  a  few  inches  to  3  ft. 
over,  intervening  ;  while  in  those  less  productive,  the  sulphur  e 
lie  separated  by  barren  strata  of  much  greater  thickness.  The 
containing  the  mineral  is  detached  from  &e  mass  by  the  use  of  a  e 
pointed  pickaxe,  weighing  about  15  lb.,  and  is  brought  to  the  moo 
of  the  shaft,  which  is  like  an  inclined  plane  running  down  the  ^r 
with  steep  steps  roughly  cut  in  the  rock,  forming,  lumoBt  invaziaUJ 
the  only  means  of  access  to  the  works  at  the  bottom  of  the  miiM 
The  ore  is  excavated  by  men,  assisted  by  small  gangs  of  boys  workii 
under  them,  who  carry  heavy  pieces  of  the  rock  to  the  snr£iM)e,  | 
it  is  broken  up  by  the  miners,  smd  deposit  them  in  localities  allutr 
to  each  pickman,  where  the  ore  is  piled  up  in  large  heaps  prepar&l 
to  its  being  measured,  to  ascertain  the  number  of  *'  cassa  "  ezcavi 
by  each  man.  The  '*  cassa  "  is  the  measure  by  which  the  qnan 
of  sulphur  ore  dug  in  Sicilian  mines  is  reckoned,  when  paying 
miners  for  the  labour ;  but  it  differs  in  dimensions  in  different  minii 
districts  of  the  island.  The  boys  employed  in  transporting  the  mined 
carry  40  to  60  lb.,  according  to  their  ages,  which  range  from  10  to  J 
years,  from  pits  often  over  275  ft.  deep,  making  20  to  40  journeys 
day.  Water  is  frequently  met  with  before  reaching  a  seam  of  sulpha 
and  up  to  the  present  it  has  been  one  of  the  greatest  obstacles  in  t| 
way  of  mining  engineering  in  Sicily,  greatly  increasing  the  ooet  \ 
working.  The  depth  of  190  ft.  is  rarely  obtained  without  waU 
oozing  through  imperceptible  fissures  in  the  rock,  and  this  frequent! 
stops  all  operations  by  submerging  the  works. 

The  richest  portions  of  the  deposits  are  usually  found  where 
beds  are  arranged  in  curves^  concave  with  reference  to  the  overl; 
strata,  which  previously  represented  the  deepest  portion  of 
original  lacustrine  basinsw  Sudden  changes,  whether  of  dip  or  d 
tion  on  the  outcrop,  are  found  as  a  rule  to  be  accompanied  wii 
impoverishment  of  the  deposits. 

The  total  quantity  of  sulphur  considered  as  likely  to  be  contain^ 
in  the  deposits  now  known  is  about  65,000,000  tons,  of  whici 
8,353,091  tons  were  extracted  between  1831  and  1885,  or  siira 
the  statistics  of  production  have  been  kept,  and  probably  aboi^ 
2,000,000  tons  more  in  times  preceding  the  former  date.  As  the  Ioe| 
in  the  reduction  of  the  ore  is  about  one-third,  the  above  quantity  i 
sulphur  sold  represents  about  15,000,000  tons  of  material  extracw^ 
which  leaves  as  the  stock  still  to  be  wrought  about  85,000,000  tona 

The  exact  figures  of  the  statistical  returns  for  the  sulphur  miu*] 
of  Sicily  in  1885  were  as  follows.     Exclusive  of  the  product  of  (^ 
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olfatara  of  the  volcano  in  Lipari,  377,132  tons  of  sulphur  were 
extracted  from  2,548,840  tons  of  rock,  or  an  averaj^e  yield  of  14*79 
>er  cent.  The  number  of  hands  employed  was  28,744,  corresponding 
o  a  prodnction  of  88J  tons  of  ore,  and  13*12  tons  of  sulphur  worth 
t3i.  10».  for  each  person  engaged  in  the  work. 

The  oofit  of  production  per  ton  is   made  up  of  the  following 
terns : — 

t.    d. 

Wages        28  11 

Other  miniDg  and  reducing  costs 6  10 

35    9 
Freight  to  seaboard,  warehouse,  and  shipping  charges    ..     16    0 


Cost  per  ton  free  on  Doard      51 


9 


The  annual  exports  of  sulphur  from  Sicily  are  about  150,C00  to 
70,000  tons. 

The  sulphur  workings  at  Swoszowice,  near  Cracow,  are  in  the 
uraaeic  formation.  There  are  two  layers  of  sulphur-yielding  earth, 
ach  oompoeed  of  a  dark-grey  marly  clay,  through  which  the  sulphur 
»  distributed  in  the  form  of  concrete  masses,  varying  in  size  from 
in.  diam.  to  no  larger  than  poppy  Bced.  These  beds  are  separated 
y  a  vein  of  fibrous  gypum  fluctating  between  3  and  6  fathoms 
bick.  The  roof  is  of  clay  containing  petrifactions,  and  enclosing 
Eunps  of  Bulphur  weighing  as  much  as  3j^  lb.  The  total  depth  is 
bont  30  fathoms.  The  sulphur  yield  averages  10  per  cent.  The 
meltiiig  of  the  crude  mineral  is  performed  in  gallery  furnaces,  the 
ield  being  approximately  GJ  per  cent.  For  some  years  past  the 
Toduct  has  been  consumed  locally  for  making  carbon  bisulphide, 
rhich  is  largely  employed  as  a  phylloxera  cure  throughout  the  grape- 
^wing  districts  of  the  Austrian  empire. 

Iceland  has  been  prominently  mentioned  as  a  probable  large  pro- 
uoer  of  snlphur.  Prof.  Geikie  has  reported  from  actual  measure- 
lents  that  there  are  in  sight  at  the  Erisuvik  mines  some  250,000  tons 
f  sulphur  earth  (the  term  **  ore "  used  by  him  seems  liable  to  be 
xisconstmed),  having  an  average  contents  of  57  per  cent,  sulphur. 
To  commercial  success  has  apparently  ever  attended  the  various  e£forts 
D  develop  them,  and  in  the  opinion  of  the  author,  who  spent  many 
lonths  attempting  to  work  the  Myvatn  mines  in  N.  Iceland,  the  con- 
itions  do  not  warrant  financial  venture. 

Japan  is  exporting  about  7000  tons  of  sulphur  per  annum,  col- 
»cted  from  the  sides  of  an  extinct  volcano,  and  yielding  about  50  per 
BDt.  of  purity. 

The  most  important  deposits  of  brimstone  in  the  United  States 
re  found  in  Utah,  at  Cove  Creek,  22  miles  from  Beaver,  while  there 
fe  other  deposits  at  a  point  about  12  miles  south-west  from  Frisco. 

The  mines  at  Cove  Creek  are  said  to  be  in  excellent  condition  for 
ontinuous  production.  A  system  of  storage  reservoirs,  holding 
1,000,000  gaL  of  water,  has  been  put  in,  and  6 -in.  pipe  laid  about  one 
ailo,  with  a  fall  of  1000  ft.,  to  carry  the  water  to  the  sulphur  beds,  to 
mb  in  hydraulicing  the  surface  earth  away.  This  will  greatly  re- 
l»oe  the  eost  of  mining,  since  there  is  a  large  lot  of  earth  overlying 
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the  sulphur,  whicli  in  the  past  had  to  be  dug  and  carted  awaj. 
far  as  explored,  the  sulphur-bed  extends  at  least  1800  ft.  by  1000 
and  the  quantity  of  sulphur  contained  therein  wan  estimAtedj 
Prof.  Yon  Eath,  at  a  time  when  the  bed  was  not  as  fully  exposed  i 
now  is,  to  be  at  least  1,300,000  tons.  A  curved  cut  has  been  n 
through  the  sulphur-bed  near  its  western  end,  exposing  a  Tsri 
wall  of  rich  yellow  sulphur,  34  ft.  high.  From  this  cut  a  track  \i 
to  the  dump  above  the  smelter,  a  short  distance  to  the  -west.  ' 
sulphur  extends  up  to  the  surface  over  part  of  the  basin,  bat  is  moi 
covered  with  sand  or  rather  decomposed  andesite,  and  is  partly  mj 
with  sand  or  gypsum.  Most  of  it  is  of  yellow  colour,  while  some  i 
is  dark  grey,  and  is  called  '*  black  sulphur."  The  outpnt  from  tj 
mines  iu  1891  was  1200  tous. 

In  Nevada,  the  Rabbit-hole  Springs  mines  have  been  woii 
irregularly  since  1880  ;  but  the  excessive  cost  of  production,  trans] 
ration,  &c.,  has  brought  the  actual  cost  at  consuming  points  so  t 
the  sale  prices  of  imported  sulphur  as  to  limit  mining  to  an 
amounts. 

Large  deposits  of  sulphur  are  known  to  exist  in  Wyominff,  0 
fomia,  and  Arizona,  but  none  of  them  is  at  present  available 
working  at  a  profit. 

Extraction, — The  separation  of  the  sulphur  from  the  varij 
earthy  matters  with  which  it  is  naturallv  associated  is  effected 
the  following  several  means: — (1)  Dry  heat — roasting  the  ore 
mass ;  (2)  wet  heat — ^melting  out  by  the  aid  of  aqueous  solutions 
salts,  the  salts  being  added  to  heighten  the  boiling  point ;  (3)  sup 
heated  steam ;  (4j  chemical  solvents.  The  great  bulk  of  all  \ 
sulphur  produced  is  extracted  by  apparatus  belonging  to  the  fi 
class,  and  including  the  calearelle^  calcaroney  and  doppione. 

Calcarelle. — The  earliest  system  adopted  in  Sicily  was  the  eaJcwi 
This  consisted  simply  of  a  stack  of  ore,  6-15  ft.  square,  built  iii 
ditch  3  or  4  in.  deep,  with  the  floor  beaten  hard  and  sloped  to  a  siuj 
point,  permitting  the  molten  sulphur  to  flow  out  by  an  opening  t^m 
the  morto.  In  building  the  stack,  care  was  taken  to  put  the  largi 
pieces  of  ore  at  the  bottom,  selecting  lumps  of  gradually  diminish^ 
size  as  the  top  was  approached.  The  mass  was  ignited  at  the  samnj 
The  construction  of  the  stack  usually  occupied  two  days ;  on  i 
third  day  the  sulphur  escaped  by  the  morto,  and  on  the  fourth  i 
edUarelle  was  pulled  down.  The  air  necessary  for  the  combustion 
a  portion  of  the  sulphur  (to  afford  the  heat  required  to  smelt  the  1 
mainder),  was  freely  admitted  at  all  sides  ;  only  the  mineral  in  t 
centre  of  the  heap  was  heated  without  actual  contact  with  the  air, 
that  its  sulphur  was  melted  out  instead  of  being  burned  (oxidise^ 
Consequently  about  6700  lb.  sulphur  mineral  were  needed  to  afib 
385  lb.  sulphur,  or  a  yield  of  5*7  per  cent. ;  as  the  ore  contained  I 
per  cent,  sulphur,  the  consumption  of  sulphur  as  fuel  was  I960  Ih,  { 
order  to  extract  885  lb.  In  addition,  the  immense  volumes  of  b^ 
phurous  acid  emitted  from  the  stack  caused  a  terrible  destruotioD  I 
the  agricultural  crops  in  the  neighbourhood. 

Calcarune. — ^Nearly  all  the  sulphur  prepared  in  Sicily  is  now  e^ 
traoted   by  the  calcarone  (or   cmckeroney  as  it   may  also  be  spel^ 
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'his,  as  is  shovirn  in  Figs.  99,  100,  is  formed  by  building  a  circular 
rone  wall  on  an  inclined  Bole.  In  front  is  the  morto  or  outlot,  having 
height  of  4  to  6  ft  and  a  width  of  2  ft. ;  over  it  is  erected  a  wooden 
lelter  for  the  workman  in  charge.  Calcaroni  may  contain  200-400 
isse  (each  cassa  being  equivalent  to  about  6  tons,  and  giving  12-16 
wt.  of  sulphur).  The  durability  of  the  calcarone  is  governed  by  the 
ire  exercised  in  its  construction ;  10  years  is  not  an  unusual  period. 


Fio.  99. — Ordinary  Calcarone. 


Fio.  100. — Ohdinabt  Caloabone. 

'he  charging  of  the  calcarone  is  a  matter  of  primary  importance,  as 
n  it  depends  the  yield  of  sulphur.  The  largest  pieces  of  ore  are 
elected  for  the  first  layer,  leaving  interstices  between  them;  the 
ize  of  the  lumps  gradually  diminishes  as  the  height  increases, 
^re  being  taken  to  form  the  walls  of  the  morto  with  calcareous 
tones,  so  as  to  ensure  a  passage  being  maintained  for  the  escape 
f  the  liquefied  sulphur.  In  adding  the  finest  portions  on  the  top, 
arrow  channels,  about  2  ft.  apart,  are  left  for  the  draught  to  carry 
be   heat  down.     The  whole  is  covered  with  a  layer  of  the  reftibe 
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from  previous  operations.  This  layer  is  more  or  less  thick,  acoordinj 
to  the  state  of  the  weather,  because  the  calcarone  being  built  in  tb 
open  air,  yariations  of  temperature  and  wind  influence  the  progres  < 
the  operation ;  consequently  means  have  to  be  adopted  to  prevent  a 
undue  access  of  air  rendering  the  combustion  too  rapid.  For  instana 
during  a  sirocco  (local  hot  wind)  there  is  danger  of  the  sulphur  coi 
tained  in  the  ore  lying  at  the  side  facing  the  wind  being  complete) 
converted  into  sulphurous  acid,  and  thus  lost.  The  employment  of 
roofed  shed  would  prevent  much  of  the  waste  occasioned  by  climati 
causes. 

When  the  charging  is  completed,  the  morio  is  closed  by  a  stoo 
slab,  and  fire  is  communicated  to  the  mass  by  means  of  little  bundK 
of  dried  herbs,  dipped  in  sulphur,  which  are  thrust  into  the  vertici 
channels  before  mentioned.  Some  6  or  8  days  afterwards,  a  hole  i 
pierced  in  the  top  of  the  morio,  by  means  of  an  iron  rod ;  later, 
second  hole  is  made  near  the  floor.  By  these  two  openings  the  sol 
phur  escapes,  and  is  collected  in  wooden  buckets  (gravite\  shaped  lik 
a  truncated  cone,  and  holding  about  1  cwt.  of  sulphur.  These  bucket 
cost  over  2«.,  and  serve  only  for  3  or  4  castings  without  wanting  re 
pairs.  The  outflow  of  sulphur  lasts  for  2  to  4  weeks.  CJommonlj 
the  calcarone  is  left  to  itself  when  once  the  mass  has  been  ignited,  bn 
then  the  loss  of  sulphur  is  much  more  serious.  To  ensure  good  result] 
many  precautions  nave  to  be  observed,  mainly  connected  with  th 
nice  adjustment  of  the  draught,  so  as  to  effect  the  maximum  degre 
of  fusion  with  a  minimum  of  oxidation.  When  the  operation  is  ooi^ 
ducted  during  winter,  the  product  is  less  abundant,  and  of  inferio 
quality.  After  the  charge  is  exhausted,  a  new  one  cannot  be  intro 
duced  till  the  mass  has  cooled  down,  occupying  a  period  of  10  to  9 
days,  according  to  the  size  of  the  calcarone.  The  discharging  has  t 
be  done  slowly  and  cautiously,  on  account  of  the  sulphurons  fanM 
liberated.  The  consumption  of  sulphur  (as  fuel)  in  the  heating  i 
about  60  per  cent,  of  the  total  amount  contained  in  the  ore.  Thus,  tj 
obtain  one  ton  of  sulphur,  there  is  consumed  as  fuel  about  anothe 
ton,  worth,  say,  51.  and  performing  a  duty  which  could  be  much  mor 
satisfactorily  accomplished  by  2  cwt.  of  coal,  costing,  perhaps,  5$. 

A  great  improvement  in  the  Sicilian  calcarone  has  been  introdacet 
by  P.  Le  Neve  Foster,  and  worked  with  good  results,  shovnng  an  in 
crease  of  yield  of  30  per  cent,  above  the  ordinary  plan.  According  U 
his  description,  the  waste  heat  from  an  ordinary  calcaronCy  after  &I 
the  sulphur  has  been  run  off,  is  utilised  to  heat  to  the  required  ten^ 
perature  the  charge  of  ore  placed  in  his  kiln,  and  as  soon  as  the  mois 
ture  has  been  driven  off  and  the  heat  is  great  enough,  the  charge  i 
fired  from  the  top.  The  combustion,  fed  with  hot  air  containing  soom 
sulphurous  acid  gas,  is  very  slow,  hence  the  loss  of  sulphur  by  bojn 
ing  is  less  than  when,  as  in  the  ordinary  calcarone^  the  ore  has  to  b 
heated  entirely  by  the  combustion  of  the  sulphur.  The  apparsto^ 
shown  in  Fig.  101  (prepared  from  a  drawing  kindly  furnished  me  l^ 
the  inventor)  consists  essentially  of  three  parts  : — (!)  the  flue,  or  o(fflj 
ductor  of  heat;  (2)  the  kiln,  in  which  the  ore  is  treated;  (3)  tk 
chamber  for  the  condeubation  of  the  sulphur  that  is  volatilised  doling 
the  fusion,  and  in  which  it  is  collected. 
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The  kiln  may  be  of  any  suitable  form  to  contain  two  obargee  of 
re,  bat  a  rectangular  chamber  is  found  to  be  most  convenient,  with 
uor  alopiDg  towards  the  front.  The  chamber  consists  of  four  walls, 
referablj  not  covered  with  an  arch,  as  afifording  greater  facility  for 
barging  and  discharging.  The  kiln  communicates  by  means  of  a 
oe  a  with  the  back  of  an  ordinary  calcarone  6,  which  furnishes  the 
eat  necessary  for  melting  the  sulphur  from  the  ore  contained  in 
tie  kiln  c.  The  upper  portion  of  the  ccdcarone  should  be  covered  with 
hjtr  of  genese  (spent  ore),  so  as  to  prevent  the  dispersion  of  heat 
J  auy  other  channel  than  that  o£fered  by  the  flue  a,  which  is  provided 
rith  a  damper  c{,  so  as  to  regulate  the  admission  of  heated  air  by 
penings  e,  at  the  upper  back  part  of  the  kiln.  A  rectangular  open- 
ig  /  is  left  in  the  front  wall  of  the  kiln,  from  which  the  melted 


Fig.  101.— Fo8tbb*8  Impboyed  Caloabons. 

ilphur  is  run.  This  opening,  if  of  suflSoient  size,  may  serve  for  dis- 
^ging  the  spent  ore  at  the  termination  of  the  fusion.  From  the 
pper  part  of  uie  opening,  and  also  in  the  front  wall,  slightly  above 
ke  level  of  the  floor,  flues  g  communicate  with  a  horizontal  passage 

which  is  made  large  enough  to  serve  as  a  condensation  chamber,  on 
16  walls  of  which  the  sublimed  sulphur  collects.  At  one  end  of  the 
lamber  is  a  vertical  chimney  t,  provided  with  a  damper  k. 

The  kiln  is  charged  in  the  usual  way  by  placing  the  large  pieces 
'  ore  on  the  floor  in  such  a  manner  as  to  leave  passages  for  the  flow 

the  liquid  sulphur ;  the  small  pieces  are  next  filled  in,  and  the 
ler  ore  at  the  top.  A  few  blocks  of  rough  stone,  or  burnt  ore,  are 
laced  at  the  opening  in  front  in  such  a  way  as  to  leave  a  vacant 
lace  for  the  melted  sulphur  to  collect  before  being  run  off.  When 
barged,  the  ore  is  oovered  with  bricks  laid  flat,  and  on  these  is  put 
layer  of  genese^  well  rammed  and  wetted,  so  as  to  form  a  nearly  im- 
irmeable  coating,  with  a  slight  slope  towards  the  walls,  in  order 
lat  the  rain  water  may  run  off.  The  opening  /  in  the  front  wall 
|onld  be  closed  with  a  thin  wall  of  plaster  of  Paris.  The  ore  in  the 
ihi,  which  is  now  ready  for  fusion,  is  put  in  communication  with 
ie  spent  eaUarcne  6,  by  opening  the  damper  d,  and  at  the  same  time  a 
Ball  hole  m  is  made  in  the  wall  that  closes  the  opening  in  front, 
em  which  the  melted  sulphur  has  been  run  off  from  the  calcarone  6. 
he  corrent  of  air  entering  and  passing  through  the  incandescent 
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mass  of  ore,  is  thnn  heated,  and  enters  the  kiln  at  a  sufficient  tempera 
ture.  In  this  manner  the  heated  mass  of  spent  ore  in  the  calcarm^ 
becomes  a  regenerator  of  heat,  to  be  utilised  in  the  kiln  for  the  fi 
of  the  sulphur  that  it  contains.  In  the  upper  covering,  two  or 
tubes  n  are  placed,  and  serve  not  only  for  observing  the  rn^ 
temperature  by  a  thermometer,  but  also  for  firing  the  ma^. 

The  combustion  of  the  sulphur  supplied  with  hot  air,  mixed  wit! 
a  considerable  proportion  of  sulphurous  acid  gas,  proceeds  slowly  i 
the  upper  part  of  the  kiln,  and  the  liquid  sulphur  dropping  to  thj 
floor,  over  the  already  heated  ore,  cannot  solidify  and  choke  the  pa* 
sages,  and  so  prevent  the  circulation  of  the  heated  air  and  product 
of  combustion  of  the  sulphur  to  the  chimney ;  in  this  manner  thj 
operation  proceeds  with  regularity.  The  success  of  the  kiln  is  pnn 
cipally  due  to  the  manner  in  which  it  is  heated  from  the  top  and  b&<^ 
towards  the  front  and  bottom,  imitating,  to  a  certain  de^cree,  tb 
manner  in  which  the  heating  of  an  ordinnry  calcarone  proceeds,  ^it] 
this  di£ference,  that  the  heat  is  better  utilised  in  the  kiln,  and,  ther^ 
fore,  with  less  consumption  of  sulphur  as  fuel. 

When  the  wall  that  closes  the  front  opening  /  begins  to  heat,  anj 
the  kiln  is  ready  for  running,  a  small  hole  is  made  with  a  pointed  iti 
strument,so  as  to  allow  the  melted  sulphur  to  flow  off  iuto  woodei 
moulds.  The  horizontal  flue  or  condensing  chamber  7i  should  have  \ 
sloping  floor,  and  when  the  temperature  in  it  reaches  the  meltinj 
point  of  sulphur,  the  flowers  that  have  been  deposited  on  the  sid^^ 
are  liquefied  and  run  off.  Towards  the  end  of  the  operation  it  wi| 
be  found  prudent  to  close  all  the  dampers  as  well  as  the  bole  m,  t| 
prevent  the  over-heating  of  the  kiln,  in  which  case  the  sulphur  wouw 
become  thick  and  difficult  to  run  off,  and  the  yield  would  conseqnentlj 
be  lessened. 

The  first  cost  of  the  structure  is  slight,  as  the  materials  neoesear^ 
are  usually  at  hand.  The  yield,  too,  is  much  increased;  bat  on  iH 
other  hand  the  extra  cost  in  charging,  discharging,  and  attendance 
as  compared  with  the  ordinary  calcarone^  make  a  large  hole  in  thi 
increased  returns. 

Doppione. — It  will  require  little  reflection  to  see  that  only  a  smal 
quantity  of  the  finely  pulverised  mineral,  necessarily  produced  in  tb< 
operations  of  mining  and  breaking  down  the  ore,  could  be  dealt  wit^ 
in  the  calcarone  ;  consequently  for  a  long  time  the  bulk  of  this  portit^ 
of  the  ore  was  simply  thrown  away,  though  it  often  assayed  70  pe^ 
cent,  sulphur.  The  doppione  was  one  of  the  earliest  succofisful  stru<^ 
tures  designed  to  remedy  this  state  of  things.  As  shown  in  Fig.  IGi 
it  consists  of  a  set  (generally  6)  of  cast-iron  pots,  holding  about  30  U 
40  gal.  each,  arranged  in  a  gallery  furnace  e,  so  as  to  be  completely  en* 
velo^ed  by  the  heated  vapours  from  a  fire  beneath.  Each  pot  a  oomi 
municates  by  a  long  arm  b  with  a  cooling  condenser  e  for  the  di8till6< 
sulphur,  placed  outside  the  furnace.  The  apparatus  is  generally  em 
ployed  on  rich  material,  or  on  that  obtained  from  the  eoicoroiii,  but  it  i^ 
also  applicable  to  ores  which  are  too  poor  to  bum  in  the  caieartmi^ 
though  the  profit  in  that  case  must  be  smsJL  l^he  heat  generated  in  ihi 
doppione  is  Hkely  to  encourage  chemical  action  between  the  snlj^u 
and  any  lime  carbonate  that  may  chance  to  be  present  in  the  mineni 
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reating  a  farther  loss  of  sulphur.  The  pots  are  charged  and  dis- 
harged  by  openiDg  the  lids,  which  are  kept  luted  during  the  distilla- 
Lon.  The  volatilised  sulphur  is  conducted  by  the  cast-iron  tube  6, 
Qto  the  receptacle  c,  over  which  a  small  current  of  cold  water  con- 
tanily  flo¥rs,  reducing  the    sulphur  to  a  fluid  condition;  it  then 


Fig.  102.— Doppione. 

ncapes  into  the  dish  d  beneath,  whence  it  can  be  ladled  into  the 
inoalds.  The  pots  last  for  about  300  working  days,  and  the  furnace 
•ervee  about  the  same  time  with  a  couple  of  repairings.  The  work- 
man is  expected  to  turn  out  100  lb.  clean  sulphur  from  every  109  lb. 
taloarone  sulphur. 

Calcium  chloride. — The  principle  underlying  the  use  of  calcium 
chloride  is  that,  while  raising  the  boiliug  point  of  water  to  about 
239®  F.,  the  melting  point  of  sulphur,  it  is  cheap,  and  is  inert  in  the 
presence  of  sulphur.  The  wafer  to  be  used  in  the  melting  process  is 
charged  with  66  per  cent,  of  the  calcium  chloride,  and  heated  to  boil- 
ing, in  which  state  it  is  run  into  the  vessel  containing  the  sulphur  to 
he  melted.  No  doubt  the  sulphur  is  efiBciently  melted,  but  the  very 
■light  difference  in  specific  gravity  between  the  sulphur  and  the  as- 
sociated impurities  from  which  it  had  been,  melted  out  practically 
precludes  any  real  separation  taking  place.  Consequently  the  process 
18  virtually  a  failure,  as  I  am  assured  by  those  who  have  worked  it. 

Steam. — At  the  Babbit  Hole  mines,  Humboldt  county,  Nevada, 
advantage  is  taken  of  the  liquidity  of  sulphur  at  232°  F.  to  use  steam 
at  60  to  70  lb.  pressure  for  melting  the  sulphur  out  of  the  gangue. 
The  apparatus  employed  consists  of  a  cylindrical  iron  vessel,  about 
lOJ  ft.  high,  divided  into  an  upper  and  a  lower  compartment,  by 
means  of  a  horizontal  sheet  iron  diaphragm  perforated  with  ^-in. 
holes.  As  soon  as  the  upper  compartment  is  charged  with  ore  (about 
2  tons)^  steam  is  introduced  for  about  ^  hour,  and  the  sulphur,  liquefied 
by  the  heat,  flows  down  through  tbe  diaphragm  into  the  lower  com- 
partment, kept  at  the  proper  heat  by  injection  of  steam,  and  escapes 
by  an  outlet,  opened  at  intervals  into  a  receptacle  placed  outside. 
When  water  commences  to  flow  out  with  the  sulphur,  steam  is  injected 
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at  full  pressure  for  a  few  minutes,  to  clear  out  as  much  as  will 
and  the  solid  residue  is  afterwards  removed  through  a  door  abore  1 
diaphragm.  Each  charge  requires  ahout  3  hours  for  its  treatment. 
Carbon  bisulphide. — Whilst  hot  water  and  steam  haye  no  sc^ti 
action  upon  sulphur,  but  merely  change  it  from  a  solid  to  a  liqi 
state  by  the  action  of  their  heat,  carbon  bisulphide  actually  dissol 
the  sulphur  and  re-deposits  it  by  evaporation.    The  plant  n< 
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FlO.   108. — SULPHUR-DISSOLTINQ   PlANT. 

for  carrying  out  this  process  is  shown  in  Fig.  103.  It  is  designed  o! 
dimensions  suitable  for  dealing  with  20  tons  raw  sulphur  mineralpet 
diem,  yielding  60  per  cent  pure  sulphur.  The  4  extracting  pans  a  * 
c  d  have  each  a  capacity  of  5  tons,  and  are  made  of  ^in.  wrought-iron 
plate ;  they  measure  6  ft.  long,  4  ft  wide,  and  4  ft.  deen  internally ; 
and  are  fitted  with  a  perforated  bottom  diaphragm,  with  connecting 
pipes  w  leading  to  the  underground  solution  tank  /,  with  another  set 
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>f  pipes  k  for  admittiog  steam  from  the  boiler  t\  and  with  a  third  set 
>f  pipes  I  communicating  with  the  store  tank  g.  The  still  e  is  a 
»team-jacketed  *'  wrought  jacket "  pan,  6  ft.  long,  4  ft.  wide,  and  4  ft. 
leep,  with  cast  iron  ("  loam  casting  ")  oval-shaped  bottom  and  ends, 
[  in.  thick,  and  provided  with  a  domenshaped  lid,  having  an  inlet 
)ipe  n  and  outlet  pipe  0 ;  its  capacity  is  3  tons.  The  store  tank  g 
neasures  10  ft.  diam.  by  7  ft.  deep,  has  a  capacity  of  10  tons,  and  is 
;onstracted  of  ^in.  wrought-iron  plates.  The  worm  A  is  a  coil  of  2  in. 
»ipe.  The  boiler  t  is  of  20  h.p.  nominal,  and  must  be  placed  where  it 
nil  be  impossible  for  bisulphide  vapours  to  find  their  way  to  the  fire- 
lole-  Force  pumps  are  required  to  pump  the  bisulphide  from  the 
tore  tank  into  tne  extracting  vats  previously  charged  with  the 
alphnr  mineral.  When  the  sulphur  has  been  completely  dissolved, 
he  solution  is  run  into  the  tank/,  and  thence  pumped  into  the  still  e, 
rhere  by  the  application  of  steam  in  the  jacket,  the  bisulphide  is 
vaporated,  and  passes  into  the  store  tank  g  for  future  use,  while  tbe 
alphnr  forms  a  deposit  in  the  still,  and  is  collected  therefrom.  When 
tie  extracting  pans  have  been  emptied  of  solution,  steam  is  let  in  so 
» to  force  any  remaining  bisulphide  vapours  into  the  worm  for  oon- 
ensation  and  recovery,  thus  avoiding  waste  of  bisulphide  and  con- 
iquent  risk  of  fire  and  explosion  by  ignition  of  its  dangerous  vapours, 
'he  bistilphide  is  allowed  to  remain  all  night  in  contact  wi^  the 
large.  The  diaphragm  at  the  bottom  of  each  extracting  vat  may 
ivantageously  be  covered  with  bagging  cloth  to  filter  flocculent 
atten  from  the  bisulphide. 
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TALC. 

Under  the  oommon  name  of  soapstone  or  talo  are  inclnded  the  wU 
range  of  minerals  chemically  defined  as  hydrons  bi-silicates  of  ma 
nesia.  In  this  sense  talc  \&  a  common  mineral ;  bat  it  is  gene: 
impregnated  with  other  minerals,  such  as  magnetite,  dolomite, 
pontine,  or  epidote,  rendering  it  valueless  for  technical  purp 
Fure  talc  is  recognised  by  its  great  softness  and  greasy  feeling.  It 
highly  refractory,  and  generedly  of  a  somewhat  flexible,  tenado 
character,  which  makes  it  very  diflScult  to  crush.  The  different  td 
minerals  occur  in  such  a  variety  of  form  and  approach  each  otharl 
closely,  that  it  is  difficult  to  classify  or  define  them  comprehensi 
Steatite,  or  soapstone,  is  the  most  common  form.  When  pure  it 
massive,  amorphous  mineral,  generally  white,  light  green,  or  g 
but  sometimes  blue  or  ro^e-coloured.  Schistose  modifications 
common,  and  gradually  approach  rensselaerite,  or  typical  foliated 
which  is  comnosed  of  thin  scales  of  an  almost  mica-like,  pearly  lui 
toughness  and  tenacity.  The  colour  is  generally  a  silvery  vrhite 
gray.  Agalite,  or  fibrous  talc,  is  found  only  in  a  few  localities.  ~ 
following  analyses  give  the  composition  of  the  three  typical  Yarii 
described  above : — 


Loss  by  ignition 
Silica    ..     .. 
Alumina 
Ferrous  oxide 
Ifagneaia 


61**M 
26*58 


Intimately  mixed  with  the  talc  are  often  found  nodules,  veins,  &i 
horses  of  anhydrous  silicates,  such  as  hornblende,  bexagonite,  actiD 
lite,  tremolite,  and  others.  The  manner  in  which  these  minerals  lu 
varyingly  appear  has  given  rise  to  the  theory  that  the  talc  ws 
deposited  originally  as  hornblende,  which  gradually  has  becou 
hydrated. 

Steatite  has  for  ages  been  used  for  hearthstones,  cooking-pots,  an 
other  household  utensils,  for  which  its  softness  and  refractory  natm 
make  it  especially  adapted.  As  French  chalk  it  is  a  familiar  artid 
in  every  workshop.  In  the  United  States  it  was,  in  the  early  dajs  < 
the  iron  industry,  largely  used  for  refractory  furnace  linings,  fc 
bridges  in  puddling  furnaces,  <&c.,  instead  of  expensive  imported  fire 
brick ;  and  up  to  tiiis  day  cupola  and  converter  linings  in  Easter 
steel  works  are  frequently  built  of  soapstone.  Slabs  of  the  sair 
material  are  also  employed  to  a  limited  extent  in  the  building  trad 
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[n  powdered  form,  talo  finds  a  far  more  extenBive  employment,  enter- 
Dg  largely  into  the  oomposition  of  mineral  paints  as  a  filler,  and  also 
18  a  principal  component  in  fire-retarding  paints.  In  paper  mann- 
actare,  talc  is  largely  snpplanting  the  more  expensive  ohina  clay  as  a 
reightener  and  filler.  The  fibrous  and  foliated  varieties  have  proved 
specially  valuable  for  this  purpose,  as  of  the  talc  added  to  the  pulp 

5  to  90  per  cent,  is  retained  in  the  paper,  as  against  30  to  35  per 
ent  of  the  china  clay  similarly  employed.  The  fibrous  texture  of 
he  mineral  also  tends  to  strengthen  the  paper,  and  to  do  away  with 
be  brittleness  characteristic  of  paper  weighted  with  clay.  The  name 
mineral  pulp,"  under  which  this  talc  is  known  to  the  trade,  testifies 
trongly  to  the  value  of  this  feature.  For  toilet  powders,  in  soap,  and 
B  an  adulterant  for  many  white,  powdery  substances,  talc  is  also 
tihsed  extensively. 

The  fibrous  variety  of  talc  is  mined  in  the  vicinity  of  Qouvemeur, 
few  YorL  The  first  mines  were  opened  there  about  15  years  ago, 
ad  have  reached  a  depth  of  more  than  400  ft.  The  mineral  recovered 
>  principally  agalite,  discoloured  near  the  surface,  but  turning  beauti- 
tUy  white  when  a  depth  of  30  or  40  ft  is  reached.  It  occurs  in 
sins,  sometimeB  as  much  as  20  ft.  wide,  embedded  in  strata  of  granite 
id  gneiss.  About  51,000  tons,  as  nearly  as  can  be  learned,  were 
ined  in  this  district  in  1892,  all  of  which  was  reduced  to  an  im- 
ilpable  powder  before  leaving  Gouvemeur.  After  being  broken  in 
ro  saccessive  crushers,  the  rock  is  either  run  through  two  sets  of 
ihr  stones,  a  6ri£Bn  mill,  or  a  cyclone  pulveriser,  and  is  at  last 
lifihed  in  Alsing  cylinders.  For  the  American  market  it  is  shipped 
1 60-lb.  paper  bags,  while  for  export  it  is  put  up  in  100-lb.  canvas 
cks.  liie  requirements  are  fibrous  nature,  freedom  from  grit,  abso- 
to  fineness  and  uniformity  of  grinding,  and  opaque  whiteness  of 
lonr.  GouTemeur  talc  is  sold,  free  on  boiard  in  5lew  York,  for  about 
\  to  55t.  per  ton  of  2000  lb. 

Fibrous  talc  is  also  mined  and  prepared  near  Wiehle,  Fairfax 
)imty,  Virginia,  where  the  mineral  recovered  is  fully  as  fibrous  as 
e  best  varieties  of  the  Gouvemeur  article,  but  is  slightly  discoloured. 
be  deposit  worked  is  of  considerable  extent,  and  it  is  expected  that 
e  colour  will  improve  as  a  greater  depth  is  reached.  Fibrous  talc 
nnot  be  sized  by  screening,  as  the  particles  mat  and  close  the  screen 
enings.  This  fact  explains  the  elaborate  and  expensive  processes 
iployed  to  effect  a  uniform  reduction.  The  supply  of  this  most 
Jnable  mineral  is  very  limited. 

The  principal  American  centres  for  the  soapstone  industry  are  in 

6  neignbournood  of  Easton  and  Philadelphia.  On  the  Bushkill, 
ar  the  former  place,  a  number  of  veins  are  being  worked.  The 
ineral,  i«hich  is  of  good  quality,  is  reduced  by  means  of  crushers  and 
tbr  stones.  At  Lafayette,  a  few  miles  north-west  of  Philadelphia, 
apstone  quarries  of  considerable  importance  have  also  long  been 
crated.  The  stone  is  trimmed  into  large  slabs  for  various  purposes, 
bile  the  offal  is  disposed  of  to  be  powdered  by  buhr  stones.  The 
ticle  mined  and  prepared  at  Einsey,  North  Carolina,  is  noticeable 
r  purity  and  colour,  and  is  sold  almost  exclusively  to  the  drug  trade, 
le  entire  product  of  the  various  grades  of  talc  marketed  during  1892 
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is  estimated  at  about  70,000  tons,  of  which  61,000  tons  were  fihom 
talc  and  19,000  tons  were  soapstone.* 

Soapstone  quarries  in  the  Behlaipahari  range  of  Central  India 
have  been  worked  by  the  natives  for  over  a  century-  Shafts  4  ft 
diam.  and  40  to  60  ft.  deep  are  sunk,  and  from  the  bottom  of  them 
galleries  are  cut  out  in  different  directions  following  the  strata  of  the 
stone.  Descending  these  shafts  is  not  an  easy  matter,  and  one  has  to 
be  barefooted  to  do  it.  In  some,  primitive  ladders  made  of  woodes 
poles,  the  rungs  of  which  are  lashed  on  with  the  bark  of  a  jungk 
plant,  are  used  as  a  means  of  descent ;  in  others,  portions  of  the  rods 
are  left  projecting,  the  ledges  affording  places  for  foothold.  Soap- 
stone being  lubricant,  the  descent  has  to  be  made  with  the  greats 
care.  The  galleries  are  barely  high  enough  in  places  for  standing 
room,  and  in  parts  one  has  to  crawl  along  on  all  fours.  Work  at  tbe 
quarries  is  in  full  swin^  during  the  cold  season,  and  has  to  be  donebv 
candle-light.  In  the  hot  weather  lights  will  not  burn  satisfactoriiy 
inside  the  quarries,  and  in  the  rains  work  has  to  be  stopped  to  a 
great  extent  owing  to  the  pits  getting  flooded,  so  that  in  the  o(^ 
weather  work  goes  on  night  and  day. 

There  are  three  different  sets  of  workmen  employed,  and  all  an 
paid  by  piece-work.  One  set  works  down  in  the  pit  and  galleriee, 
and  they  cut  out  slabs  of  the  stone  about  18  in.  diam.  and  more  or  lea 
circular  in  shape,  and  send  them  up  by  women  and  children  to  tbti 
mouth  of  the  shaft.  Then  another  set  of  workmen  with  small  mat* 
tocks  chip  and  cut  the  slabs  into  rough  plates,  the  work  being  doD< 
with  astonishing  rapidity  and  accuracy ;  as  soon  as  a  number  of  the«6 
rough- hewn  plates  are  ready,  they  are  sent  down  to  the  village  bj 
another  lot  of  coolies.  At  the  village  a  third  set  of  artizans  turn  tbe 
plates  on  lathes ;  they  soon  assume  a  perfectly  smooth  surface,  and  an 
then  ready  for  the  market.  A  very  large  number  of  plates  are  tomec 
out  daily,  and  are  sent  to  Burdwan  and  other  Bengal  districts^  when 
they  sell  for  as  much  as  a  rupee  apiece.  The  lessees  of  the  quarnei 
make  very  large  profits  by  this  industry.  The  cost  of  a  plate,  in^ 
eluding  wages  of  workmen,  carriers,  and  freight,  is  about  3  annas 
and  even  looedly  they  sell  for  4  to  5  annas  each. 

In  China  large  quantities  of  soapstone  are  produced  and  i 
chiefly  in  paint  for  both  wood  and  stone. 

*  A,  SaUin,  <  Mineial  Industry,'  i.  485. 
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ALUMINIUM. 

Phe  distribtitioii  of  aluminitim  in  nature  is  very  wide,  rivalling  that 
)f  iron,  yet  there  are  few  minerals  which  serve  as  sources  of  the  metal. 
These  are:  Bauxite  (Al^O^HA  a  limonite  in  which  most  of  the  iron 
0  replaced  by  aluminium ;  soft  and  granular,  with  50  to  70  per  cent. 
dumina.  Corundum  (Al^Og),  crystalline  and  very  hard,  sp.  gr.  4, 
jienerally  quite  pure,  but  too  valuable  for  abrasive  purposes  to  be  used 
is  an  ore.  Diaspore  (H^^^^),  bard  and  crystalline,  sp.  gr.  8*4, 
^th  64  to  85  per  cent,  alumina,  and  ordinarily  quite  pure.  Oibbsite 
TliAl^O,),  stalactitic,  sp.  er.  2  •  4,  containing,  when  pure,  65  per  cent, 
ilnmina.  Aluminite  or  alunogen  (Al^SOc  +  OHjCV),  sp.  gr.  1*66,  a 
inlphate  of  aluminium,  found  in  large  beds,  chieny  along  the  Gila 
iiver  in  New  Mexico,  containing  about  30  per  cent,  alumina,  and 
Mily  soluble  in  water.  Cryolite  (Al^Fe.,  6NaF),  sp.  gr.  2*9,  easily 
nsible— and  when  fused  its  sp.  gr.  is  about  2— containing  40  per  cent, 
luminium  fluoride  and  60  per  cent,  sodium  fluoride.  All  clays  con- 
un  a  large  percentage  of  aluminium,  but  always  in  the  state  of 
ilicate ;  and  the  difficulty  of  removing  this  silica  has  so  fjEU*  prevented 
be  employment  of  clay  as  an  ore  of  aluminium. 

Of  the  ores  above  named  the  most  important  is  bauxite,  of  which 
here  are  vast  deposits  at  Baux  near  Aries,  in  S.  France ;  in  Ireland  ; 
nd  in  Alabama,  Arkansas,  the  Carolinas,  Georgia,  Tennessee,  and 
Virginia.    Following  are  average  analyses  of  bauxite : — 


AI2O, 

810, 

FeaO, 

H,0 

no. 

GaOOs 

liite  ftom  Bans,  France     ..     .. 
Rnmiah-red  from  BeTett,  Fmnoe 
(ditio  from  AllBBoh,  Fianoe 

^frtND  Georgia       

eddidk-lvown  from  Georgia 

58*10 
57*60 
55*40 
58*50 
58*70 

21*70 
2*80 
4*80 
5*20 
4*80 

3*00 
25*30 
24*80 

2*30 
20*50 

1400 
10*80 
11*60 
30*10 
13*20 

3*20 
3*10 
3*20 
3*25 
2*10 

tiaoe 
0*40 
0*20 
0*30 
0-45 

Other  analyses  of  bauxite  from  Baux,  quoted  as  typical,  differ 
idely  from  the  above  and  from  each  other,  Uius : — 

AlmniDa 64-24  57*4 

SiUca 6-29  2*8 

Iron  oxide 2*40  25*5 

Lime  oarbonate *55  *4 

Magneda "38 

80& JiO 

PotMh        '46 

Tituiiimi  oxide 3*1 

Water 26-74  10*8 

100*26  10000 
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The  mineral  from  the  mines  of  the  Irish  Hill  Co.,  in  Irekn^ 
carries  44-64  per  cent,  alnmina  and  1*16  per  cent.  iron.  About  10,00 
tons  yearly  of  banxite  are  mined  in  the  United  Kingdom  (chiefl 
Ireland),  valued  at  about  6«.  a  ton. 
.  The  Arkansas  deposits  are  said  to  cover  a  large  area,  and  to 
a  thickness  of  40  ft.,  forming  an  interbedded  mass  in  fei 
Tertiary  sandstone. 

The  Alabama  deposits  are  better  known,  and  all  oocnr  in 
lower  part  of  the  Lower  Silurian  formation;  the  district  has  1 
badly  broken  up  by  sharp  folds  and  great  thrust  faults;   and 
mineral  occurs  as  pockets  in  close  association  with  brown  iron 
(limonite)  and  clay.    In  Cherokee  County  the  deposits  appear  to 
along  two  parallel  lines  of  outcrop,  that  run  in  a  general  north' 
and  south-west  direction,  and  are  150  to  200  yd.  apart,  following  th 
crest  of  two  sharp  anticlinal  folds.    In  places  the  bauxite  oveniee 
white  or  yellow  sandstone,  for  the  most  part  iriable,  but  sometuxi 
hard  and  cherty,  and  underlies  an  unctuous  clay  in  the  upper  part 
which  the  brown  ore  occurs.    At  one  end  the  bauxite  eJiowb  as 
irregular  seam  60  ft.  thick.    An  excavation  about  75  ft  deep  has 
made.     To  the  south-east  of  Dike's  bank,  the  mineral  occurs  in 
irregular  seams,  separated  in  places  by  a  band  of  unctuous  day  15 
thick,  but  cutting  out  to  a  mere  selvage.    The  upper  seam  is  afc 
30  ft.  thick,  the  lower  20  ft.     To  the  north-east  of  Dike's  bank 
deposit  has  been  tested  to  a  depth  of  20  ft,  and  is  still  good.     Half 
mile  farther  toward  the  north-east  is  the  Warwhoop  deposit,  tei 
for  20  ft.  and  still  good.    There  is  no  reasonable  doubt  of  the  exi 
of  the  bauxite  deposits  in  this  district ;  they  have  been  tested  c 
two  miles,  and  have  not  been  found  less  than  15  ft.  thick,  and 
places  20  to  80  ft.    The  average  composition  of  the  Cherokee  Coa 
bauxite,  as  per  car-load  sample,  is  as  follows :  alumina,  56  to  60 
cent;  oxide  of  iron,  2*75  per  cent;  insoluble  silicious  matter,  7 
cent. ;  titanic  acid,  2  to  3  per  cent ;  water,  25  to  30  per  cent 

Bauxite  for  the  manufacture  of  alumina  is  worth  about  2J.  a  td 
It*  has  to  undergo  purification  for  the  purposes  of  the  aluminiui 
manufacturer.     Several  methods  are  used : — 

(1)  It  is  chosen  as  free  from  iron  as  possible,  and  is  roasted  at 
low  red  heat,  and  afterwards  treated  with  sulphuric  add,  which  coi 
bines  with  the  alumina  present,  forming  sulphate  of  alumina, 
is  readily  dissolved  by  water,  leaving  the  great  bulk  of  silica  and 
behind.  The  solution  of  sulphate  of  alumina  is  allowed  to  settle, 
supernatant  liquid  is  siphoned  off  into  an  evaporating  tank 
evaporated  to  dryness.  The  dry  sulphate  of  alumina  is  calcined  at 
red  heat,  driving  off  the  sulphuric  acid,  leaving  as  a  residue  anhydnn 
alumina. 

(2)  It  is  treated,  either  by  fusing  it  with  carbonate  of  soda  as 
dissolving  in  w^ter,  or  by  boiling  it  with  a  strong  solution  of  canstj 
soda.  In  either  case  a  solution  of  sodium  aluminate  is  obtainc] 
which  is  filtered  from  the  residue  of  silica  and  ferric  oxide, 
decomposed  into  aluminium  hydrate  and  carbonate  of  soda  by  pnm 
carbonic  acid  gas  through  it.  After  a  thorough  washing,  the  h;  ' 
is  calcined  at  a  high  heat  and  the  resulting  alumina  is  finely 


Digitized  by 


Google 


METALLIFEROUS  MINERALS.  389 

THe  ore  next  in  importance,  and  which  long  ranked  as  the  fore- 
most,  is  cryolite,  of  which  there  is  practically  only  one  prodnctive 
mine,  that  at  Ivigtnt,  South  Greenland.  The  mine  is  worked  as  a 
quarry,  and  has  been  opened  450  ft.  long,  150  ft.  wide,  and  100  ft. 
deep,  while  diamond  drills  have  proved  the  permanence  of  the  ore  for 
a  farther  depth  of  150  ft.  The  stone  broken  in  the  mine  is  loaded  on 
cars  of  5  tons  capacity,  which  are  drawn  np  an  incline  by  means  of 
an  endless  chain.  At  the  surface  the  mineral  is  sorted  and  piled  in 
heaps  between  the  mine  and  the  shore.  In  preparing  the  mineral  for 
shipment,  the  large  masses  of  impurities^  which  amount  in  all  to 
aboQt  20  per  cent,  of  the  rock  broken,  are  thrown  away,  and  also  the 
6ne  particles  of  the  mineral,  as  only  the  large  pieces  are  shipped. 
The  contract  requires  that  90  per  cent,  of  the  material  shipped  shall 
he  cryolite,  and  in  bringing  it  to  this  state  of  purity  about  2000  tons 
are  lost  annually.  The  vein  appears  to  widen  with  depth,  but  the 
quality  of  the  mineral  becomes  inferior.  In  order  to  support  the 
wulls,  pillars  of  cryolite  8  ft.  diam.  are  allowed  to  stand  at  intervals 
>f  30  ft.  When  the  mine  is  closed  for  the  winter,  salt  water  is  run 
n  from  the  Arsuk  Fiord  until  the  pit  is  filled  to  about  one-third  its 
iepth,  so  that  it  is  necessary  to  un water  it  at  the  beginning  of  opera- 
tions every  spring.  About  10,000  tons  annually  are  shipped  to  the 
[Jnited  States,  valued  at  about  11.  10«.  a  ton. 

While  the  older  processes  of  aluminium  manufacture  dependent  on 
he  reduction  of  the  double  chloride  of  aluminium  and  sodium,  must 
iways  have  an  academic  interest,  they  have  been  beaten  out  of  the 
ield  of  commercial  industry  by  the  newer  electrolytic  methods,  which 
&tter  therefore  alone  demand  description  here.  There  are  four 
varieties  of  the  electrolytic  process.  In  England  and  America, 
k»wlee'  and  Hall's  patents  are  followed  ;  on  the  Continent,  Heroult's 
nd  Minet's.  They  are  all  virtually  modifications  of  the  original 
)eville-Bunsen  process,  maintaining  fusion  by  the  heat  of  the  electric 
orrent. 

The  experience  gained  at  the  Lockport,  New  York,  works  with 
he  Cowles  process  led  to  some  innovations  in  the  more  recent  English 
rorks  at  iklilton,  Staffordshire,  notably  in  increasing  the  dynamo  to  a 
apacity  of  5000  to  6000  amperes  with  an  E.M.F.  of  50  to  60  volts, 
od  in  enlarging  the  furnaces  At  Milton,  the  current  from  the 
ynamo  is  led  by  the  copper  bars  to  an  enormous  cut-out  calculated  to 
3fie  at  8000  amperes,  and  consisting  of  a  framework  carrying  12  lead 
latea,  each  8^  in.  by  -^^  in.  thick.  From  this  it  passes  into  the 
imace  rooms.  A  current  indicator  is  inserted  in  the  circuit,  consist- 
ag  of  a  solenoid  of  nine  turns.  (This  was  cut  out  of  a  cylinder  of 
\bX  copper  by  means  of  a  parting  tool  in  a  screw-cutting  lathe.)  In 
ie  solenoid  is  an  iron  core  suspended  by  a  spring.  The  movement  of 
lis  is  communicated  to  two  pointers,  one  dial  being  placed  in  the 
Qgine  room  and  the  other  in  the  furnace  room.  The  range  of  the 
idicator  is  such  that  the  entire  circle  of  360^=8000  amperes. 

There  are  two  furnace  rooms,  each  containing  6  famaces.  The 
rst  room  contains  the  bronze  furnaces,  in  which  is  carried  on  the 
lannfacture  of  aluminium  copper  and  silicon  copper.  The  second  is 
eYoted  to  the  production  of  ferro-aluminium.      The   furnaces  are 
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rectangular  in  form,  built  of  fire-brick,  the  internal  dimensionfl  being 
60  in.  by  20  in.  by  86  in.  Into  each  end  is  built  a  cast-iron  tabe, 
through  i^hioh  the  carbon  electrodes  enter  the  furnace. 

Each  electrode  consists  of  a  bundle  of  9  carbons,  each  2^  in.  dianu 
attached  to  a  head  of  cast  iron  for  ferro-aluminium,  or  cast  copper 
when  cupro-aluminium  is  made.    Each  carbon  rod  weighs  20  lb. 

Quite  recently  it  has  been  possible  to  obtain  carbons  3  in.  diam. 
weiffhiug  36  lb. ;  these  are  employed  in  bundles  of  five.  The  ^'heid'* 
of  the  electrode  is  screwed  to  the  copper  rods  of  leads  which  can  be 
readily  connected  with  or  disconnected  from  the  flexible  cabks 
supplying  the  current. 

Each  cable  is  secured  to  slides  running  on  omnibus  bars  of  copper 
overhead,  so  that  it  can  be  brought  into  position  opposite  the  fumAoe 
to  be  used. 

The  electrodes  are  arranged  so  that  it  is  possible,  by  means  of  a 
handle  and  screw,  to  advance  or  withdraw  them  from  each  other  in 
the  furnace. 

Lining  the  furnace  is  the  first  operation  preparatory  to  smelting; 

this  is  done  by  covering  the  bottom 
of  the  trough  with  a  layer  of  prepared 
charcoal.  Oak  charcoal  is  usei 
This  is  ground  under  edge  runners 
treated  with  milk  of  lime,  and  dried, 
first  in  a  steam-jacketed  revolving 
drum  and  afterwards  on  a  hot  iron 
plate.  Each  particle  of  charcoal  is 
thus  coated  with  an  insulating  fibn 
of  lime. 
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to  oonnect  the  electrodes  and  start  the  current.  The  charge  is  then 
covered  with  coarse  charcoal,  and  the  oast-iron  cover,  having  a  hole 
in  the  centre  for  the  escape  of  gases,  is  lifted  into  place  ^nd  luted  so 
as  to  prevent  the  entrance  of  air. 

The  commencing  current  is  about  3000  amperes,  gradually  in- 
creasing to  5000  amperes  in  the  first  half  hour.  The  time  occupied 
by  a  "  run  "  is  about  \\  hours.  Soon  after  starting,  the  gas  escaping 
from  the  orifice  in  the  cover  takes  fire  and  bums  with  a  white  flame. 
Phis  gas  consists  mainly  of  carbonic  oxide,  with  small  quantities  of 
the  hydrocarbons  and  nitrogen. 

Oq  the  conclusion  of  the  run  the  furnace  is  allowed  to  cool,  the 
nelted  alloy  collecting  in  the  bottom  of  the  furnace.  The  next 
furnace,  ready  charged,  is  connected,  so  that  the  process  is  a  con- 
Linuous  onje,  the  furnaces  being  successively  charged  and  connected. 

A  form  of  fumfiu)e  in  which  the  metal  is  tapped  from  the  bottom 
las  given  very  satisfactory  results. 

The  energy  required  to  produce  1  lb.  of  contained  aluminium 
Lepends,  of  course,  upon  the  grade  of  alloy,  the  average  being  18  h.p. 
>er  hour. 

The  crude  metal  from  the  furnace  is  then  refined  and  remelted  in  a 
everberatory  furnace,  each  ''run"  is  sampled,  and  the  percentage 
•f  alaminium  is  ascertained  by  analysis. 

The  nature  of  the  reaction  that  takes  place  in  the  electric  furnace 
s  not  very  easy  to  ascertain.  The  reduction  of  the  ore  takes  place 
Q  an  air-tight  box,  and  in  the  presence  of  an  enormous  excess  of 
arbon.  It  may  be  assumed  that  at  the  intense  heat  of  the  electric  arc 
be  ore  melts  and  gives  up  its  oxygen  to  the  carbon^ 

Al203+3C  =  3CO  +  AI2. 

The  presence  of  copper  or  iron  is  immaterial,  as  the  reaction  takes 
lace  with  ore  alone,  but  in  absence  of  the  alloying  metal  the  liberated 
luminiam  absorbs  carbon  and  is  converted  into  a  carbide. 

Prof.  Hampe,  however,  contends  that  the  reaction  is  in  two  stages, 
be  first  being  electrothermic,  in  which  the  ore  melts ;  the  second, 
lectrolytic,  in  which  electrolysis  of  the  molten  oxide  takes  place, 
luminium  being  liberated. 

Snppoeing  an  alternating  current  is  used  in  the  furnace  instead 
r  the  continuous,  and  that  we  have  a  high  number  of  alternations  — 
•om  recent  experiments  with  alternating  currents  we  know  that  very 
ight  or  no  electrolytic  action  occurs — if  then  we  get  equal  results, 

would  go  to  prove  that  the  action  is  thermic,  and  not  electro- 
rtic. 

An  experiment  was  made  by  the  Cowles  Ck>mpany,  using  an 
Itemating  current. 

The  fnmace  used  was  48  in.  X  12  in.  x  24  in.,  with  current  of 
[K)  amperes  wiih  E.M.F.  of  50  volts,  alternations  per  minute  11,000. 
t  the  end  of  1 J  hours  they  obtained  45  lb.  of  4  per  cent,  aluminium 
ronze. 

This  investigation  was  purely  of  an  experimental  character,  and 
;  cannot  be  doubted  that  on  the  larger  commercial  scale  the  result 
ronld  be  more  satisfactory. 
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The  results  obtained  were  identical  with  those  given  by  tin 
continuous  current  in  every  way,  and  the  resultant  slags  mmikr  in 
composition* 

The  slag  from  the  electric  furnace  is  really  only  melted  tmreduoed 
ore,  and  not  a  slag  in  the  proper  sense  of  the  word.  Its  approximate 
composition  is  AljO.  90,  SiOj  2-00,  FcjO,  4-00,  CaO  3-9,  P  0-10. 

The  charcoal  from  the  old  linings,  which  has  been  partially  ad- 
verted into  graphite,  is  recrusbed  and  treated  with  milk  of  lime,  dried 
as  before,  and  thus  used  many  times  over.  The  crude  metal  from  tlu 
"  runs  '*  is  remelted  with  fluorspar  as  a  flux,  and  tapped  &om  the 
reverberatory  furnace  into  ingots  or  plates ;  the  refinery  slag  is  pal 
into  a  revolving  drum  for  breaking  into  pieces,  and  then  'washed  tc 
remove  carbon ;  the  entangled  particles  of  alloy  are  thus  recovered, 
and  are  worked  up  with  ouier  cmar^es.  These  operations  are  carried 
out  in  a  separate  building,  the  reclaiming  house.  | 

When  prep€a*ing  aluminium  from  cryolite,  at  starting  the  carbcaj 
cylinders  are  lowered  till  they  touch  the  carbon  bottom.  A  pooi 
contact  is  thus  formed,  and  the  ground  cryolite,  which  is  then  pilea 
around  the  carbons,  is  melted  by  the  resistance.  When  enough  \m 
been  melted  to  form  a  good  bath,  the  carbons  are  raised,  and  th^ 
melted  cryolite  carries  the  current  and  becomes  the  electrolyte.  Tb^ 
resistance  is  very  high  until  alumina  is  added  to  the  bath  and  did 
solved  there,  when  it  falls  suddenly,  and  the  difference  of  pot^itia^ 
between  the  electrodes  becomes  constant  at  6  to  10  volts.  A  sudden 
rise  in  voltage  indicates,  therefore,  very  clearly  when  the  alumini 
has  all  been  reduced,  and  when  more  must  be  added.  The  process  i^ 
continuous,  day  and  night,  seven  days  a  week.  The  metal  whid| 
collects  in  the  bottom  of  the  furnace  is  removed  every  24  hours.  Tb< 
metal  made  by  this  process  is  very  pure,  most  of  it  running  abovi 
99  per  cent,  aluminium,  and  by  using  extra-pure  materials  it  may  b^ 
made  to  approximate  very  nearly  to  100  per  cent. 

Hall's  process  differs  chiefly  in  using  a  bath  composed  of  alnminimij 
fluoride  and  the  fluoride  of  a  metal  more  electro-positive  thai 
aluminium,  passing  the  current  through  and  adding  fresh  alumina  w 
intervals  to  regenerate  the  salt. 

The  Heroult  process  is  established  at  Neuhausen,  Switzerland,  aoc 
at  Froges,  near  Grenoble,  France,  and  by  it  nearly  all  the  alnmininn 
produced  in  continental  Europe  is  made. 

In  the  Heroult  furnace  the  melted  mass  of  oxide  takes  the  place  <m 
the  electrolyte  in  an  ordinary  voltaic  couple,  the  reduced  metal  at  tlM 
bottom  of  the  furnace  being  one  electrode  and  a  carbon  bar  inserted  ixm 
the  top  the  other.  Upon  a  current  passing  from  the  carbon  bar  througll 
the  ore  to  the  metal,  the  ore  is  decomposed,  oxygen  travelling  upward^ 
and  attacking  the  carbon,  whilst  the  molecules  of  the  reduced  meta^ 
travel  downwards,  and  are  merged  in  the  metal  bath.  The  oonstrooi 
tion  of  the  furnace  will  be  understood  from  Figs.  106  and  107,  th^ 
former  being  a  sectional  elevation  and  the  latter  a  plan.  The  bodyc 
the  furnace,  or  to  speak  more  correctly,  of  the  electric  crucible,  oon  ' 
of  a  block  of  carbon  B  contained  in  an  iron  box  A.  In  the 
crucible  made,  the  iron  box  was  cast  round  the  carbon  block  in  order  t 
obtain  a  vei^  intimate  contact  between  the  surfaces,  and  thus  facilitate 
eduction  of  electricity  from  the  electrodes  C  to  the  interior.  To»^ 
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ron,  by  oontraction  upon  cooling,  would  securely  grip  the  surface  of 
lie  box  from  all  sidcH,  thus  ensuring  perfect  contact.  This  method 
)f  constraction  is,  however,  only  suitable  for  small  crucibles,  and  the 
)re8ent  large  furnace  is  built  up  of  carbon  slabs  held  together  by  a 
m)nght-iron  casing,  no  difficulty  having  been  experienced  in  making 
;ood  contact  between  the  two  materials.    At  the  bottom  of  the  cavity 


Figs.  106,  107.— Heboult  ALumNiUM  Fusnace. 

the  carbon  block  is  a  tap  hole  D,  closed  by  a  plug  E,  which  is 
Ithdrawn  from  time  to  time  to  allow  the  liquid  alloy  to  run  into 
.e  ladle  L,  from  whence  it  is  cast  into  ingots.  The  current  enters 
e  crucible  by  the  upper  carbon  electrode,  consisting  of  a  bundle  of 
rbon  slabs  F  suspended  by  a  chain.  The  chain  passes  overhead 
mad  the  drum  of  a  small  winch,  which  is  controlled  by  the  attendant, 
id  as  the  lower  end  of  the  electrode  is  being  consumed,  the  latter  is 
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allowed  to  desoend  so  as  to  keep  the  distance  between  the  snr&ce  i 
the  molten  liquid  in  the  crucible  and  the  end  of  the  carbon  electan 
as  near  as  possible  constant.  This  distance  is  preferabljr  made  Tei 
small,  and  should  in  practice  not  exceed  3  mm. 

The  inventor  lays  particular  stress  upon  the  necessity  of  keepiu 
the  distance  between  the  electrodes  small.  The  intervening  spac 
being  filled  with  a  layer  of  badly  conducting  molten  ore,  offers 
resistance  which  increases  with  the  distunce ;  and  although  reeistan 
is  necessary  in  order  that  the  current  should  produce  heat,  it  is  n 
economical  to  have  more  heat  than  is  just  sufficient  to  melt  the  oi 
the  work  of  separating  the  metal  from  the  oxygen  being  chieflj  doi 
by  the  electrolytic  action  of  the  current,  and  not  by  high  tempen 
ture.  The  electrode  consists  of  carbon  slabs  F,  held  together  by! 
metal  clamp  G,  so  as  to  form  one  huge  compound  carbon  prism,  whid 
before  insertion  into  the  furnace,  is  10  ft.  long  by  17  in.  wide  and  9 J  ij 
deep.  As  the  slabs  are  only  obtainable  in  lengths  of  about  3  ft^  ti{ 
prism  is  built  up  of  slabs  laid  upon  each  other  so  as  to  hreak  join 
the  whole  being  held  together  with  stout  copper  pins,  and  protectJ 
on  the  outside  by  copper  plates  f  in.  thick.  An  electrode  of  that  siJ 
is  consumed  in  the  produciion  of  about  Jton  of  contained  aln  mining 
The  crucible  is  closed  by  a  cover  H,  also  made  of  carbon  slabs,  b^ 
insulated  from  the  body  of  the  crucible.  Holes  J  are  providt?d  \ 
this  cover  through  which  the  ore  and  scrap  metal  are  intix>duoed,  an 
these  openings  can  be  closed  by  shutters  K.  The  ore  used  is  alomiiu 
free  from  silicon  and  other  impurities,  and  the  scrap  metal  is  eith€ 
iron  or  copper,  according  as  the  desired  product  is  a  feixo  or  a  bron 
Bauxite  could  be  used  instead  of  alumina ;  but  as  the  former  minei 
contains  many  impurities,  Heroult  prefers  the  absolutely  pure  thouj 
more  expensive  alumina.  The  cost  of  the  raw  materials  is,  howe 
in  either  case  not  a  very  important  item  as  compared  with  the 
of  power,  carbons,  and  wear  and  tear  of  plant.  The  process  of  smell 
is  continuous,  and  need  only  be  interrupted  when  the  upper  elecl 
has  been  consumed,  and  then  only  for  the  short  time  required  to  ii 
a  new  electrode.  The  crucible  is  periodically  charged  through  cT 
holes,  and  the  molten  alloy  is  tapped  off  at  D  from  time  to  tii 
The  production  of  aluminium  per  horse-power  hour  varies  somewj 
with  the  percentage  of  the  metal  contained  in  the  alloy,  the  avei 
being  30  grm.  of  contained  aluminium  per  horse  power  hour, 
the  maximum  40  grm.  Reduced  to  English  measure,  this  works  oi 
to  an  expenditure  of  15  horse-power  hours  per  poimd  of  oontain< 
aluminium  under  averas^e,  and  11  horso-puwer  hours  under  very  favoui 
able  conditions.  The  present  production  of  the  crucible  is  4  cwt.  d 
contained  aluminium  m  24  hours.  The  crucible  can  also  be  used  ft 
the  production  of  silicon  bronze,  in  which  case  the  scrap  copper  \ 
charged  not  with  alumina,  but  with  clean  white  sand. 

As  to  the  general  arrangement  of  the  works,  power  is  supplied  bj 
a  turbine,  to  the  shaft  of  which  are  direct  coupled  the  two  dynamd 
supplying  the  current  to  the  crucible.  These  large  dynamos  an 
excited  by  a  smaller  machine  driven  by  a  belt  from  the  turbine  shaft 
and  the  speed  of  the  turbine  and  strength  of  the  main  current  art 
controlled  by  an  automatic  regulator  acting  upon  a  throttle  valv^ 
placed  in  the  inlet  pipe  of  the  turbine.     Withm  certain  limits  ti^ 
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Ain  current  can  alflo  be  regulated  by  hand,  for  which  purpose  one  of 
ix>wn*8  electrical  regulators  is  inserted  in  the  exciting  circuit  of  the 
nail  dynamo.  The  main  conductprs  are  naked  copper  cables  or  bars, 
id  no  special  precautions  are  employed  to  insulate  them,  as  in  compari- 
m  with  the  huge  working  current  a  leakage  of  100  amperes,  more  or 
68,  ia  too  insignificant  a  matter  to  trouble  about.  The  current  is 
easured  by  a  large  ampere  meter.  The  main  current  passes  once 
irou^h  this  circle,  in  the  centre  of  which  is  pivoted  an  electro-magnet, 
rovided  with  a  pointer  and  counter-weight.  The  electro-magnet  is 
ccited  from  a  primary  battery,  giving  a  constant  E.M.F.,  and  l£e  cali- 
ration  of  the  instrument  can  be  varied  by  fixing  the  counter-weight 
Tther  from  or  nearer  to  the  centre  of  suspension  of  the  magnet,  so  as 
^  obtain  a  fairly  large  deflection  for  the  usual  working  current.  The 
or  king  current  is  about  12,000  amperes;  but  sometimes  short- 
rcniting  occurs,  when  the  current  suddenly  rises  to  20,000  ampdres 
id  more.     These  short  circuits  are  generally  due  to  the  fact  that  one 

other  of  the  carbon  slabs  composing  the  electrode  projects  beyond 
le  others,  and  touches  the  surface  of  the  metal  bath  in  the  crucible, 
he  projecting  portion  is  then  immediately  burned  off,  but  during  the 
me  that  this  takes  place  the  current  is  considerably  increased  beyond 
%  normal  value.  It  might  be  supposed  that  a  short  circuit  of  such 
^nitade  would  be  likely  to  damage  the  electric  machinery,  but 
iparently  this  is  not  the  case.    The  dynamos  do  not  appear  to  suffer 

the  slightest  degree  from  the  short  circuit,  and  the  only  indications 

its  taking  place  are  a  slight  sparking  at  the  brushes  and  a  peculiar 
imbling  noise  in  the  turbine. 

The  field  is  of  the  multipolar  type  and  made  in  one  casting,  so 
At  there  are  no  joints  of  any  kind  in  the  magnetic  circuits.  The 
mature  is  of  the  usual  Brown  type,  with  embedded  wires,  but  con- 
ins  t^o  distinct  circuits,  each  provided  with  its  own  commutator, 
be  armature  is  38  in.  diam.  and  24  in.  long.  The  conductor  consists 
L  the  outside  of  round  copper  bars  f  in.  diam.,  and  on  the  inside  of 
kt  copper  plates  placed  in  grooves  planed  out  of  a  wood  lining,  by 
hiofa  Uiese  plates  are  firmly  held  and  at  the  same  time  insulated, 
tie  ourrent  is  taken  off  each  commutator  by  6  sets  Of  brushes,  there 
ing  in  all  72  brushes  on  each  machine.  Although  cross  connection 
tween  equipotential  coils  on  the  armature  are  not  absolutely  neces- 
ry  when  the  number  of  brushes  employed  equals  the  number  of  field 
les,  the  designer  of  the  machine  has  thought  such  connections 
rvertheless  advisable  as  tending  to  fairly  distribute  the  work  between 
I  the  armature  wires. 

According  to  A.  E.  Hunt*  of  the  Pittsburg  Reduction  Co.,  the 
obable  cost  in  the  near  future  of  producing  aluminium  on  a  large 
lie  will  be  as  follows : — 

d. 

2  lb.  alnmina  (Al^O  cootalDing  52*94  per  cent  Al)  at  8r 3 

1  lb  carbon  electrode  at  26 1 

ChemlcalB,  carbon  dost,  and  pots       \ 

22  electrical  b.p.  exerted  1  hour  (asing  water  power) 2} 

Labour  and  superintendenoe l} 

General  ezpenc>e,  interest,  and  repairs      l| 

Total  cost  of  lib.  alominiam     l(Ki. 

•  Mass.  Inst  Technology,  Boston,  1891. 
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The  total  cost  of  aluminium  at  the  Pittsburg  works  at  the  tii 
this  estimate  was  published  was  much  greater  than  this  figure,  wil 
an  output  of  375  lb.  a  day.  Other  authorities  think  the  limit  i 
cheapness  of  production  has  been  nearly  reached,  and  that  so  faur  i 
regards  its  future,  unless  it  can  be  made  in  large  quantities,  juiit  \ 
lead  or  copper  or  zinc,  it  cannot  hope  to  enter  as  an  important  ^Kt 
in  the  great  industries.  It  must  be  smelted  in  large  quantities  dire 
from  its  ores,  or  obtained  as  a  bye-product  in  the  preparation  of  sea 
widely  consumed  substance,  ere  it  will  take  in  trade  the  position  i 
qualities  command.  It  is  doubtful  if  the  further  prosecution  of  ti 
electrical  methods,  by  which  alone  aluminium  is  now  made,  ^ 
bring  the  cost  of  it  to  the  point  at  which  it  will  become  a  prominfl 
metcJ,  unless  they  proceed  along  the  line  of  direct  reduction.  £vi 
here  it  is  by  no  means  certain  that  they  can  make  it  cheap  enougL 

The  most  notable  characteristic  of  aluminium  is  its  low  speol 
gravity — 2*6  for  castings  and  2*74  for  wire.  No  other  m^al 
common  use  approaches  it  for  lightness.  Aluminium  is  not  a  riTsl 
steel,  and  may  never  replace  iron  as  a  structural  material ;  but  it  ii 
rival  of  brass,  copper,  tin,  nickel,  and  white  alloys,  and  is  replacn 
them  in  many  directions.  In  tensile  strength  it  ranks  with  cast-iro 
breaking  at  15,000  to  20,000  lb.  per  sq.  in.,  but  in  malleability  ai 
ductility  it  ranks  with  the  noble  metals.  Like  gold  and  silver, 
hardens  very  rapidly  in  working,  and  rods  and  wire  vary  in  str^g 
from  26,000  to  62,000  lb.  per  sq.  in.  Its  elastic  limit  is  about  half  i 
tensile  strength,  and  its  elongation  10  to  20  per  cent,  in  1  in. 

The  electrical  conductivity  of  aluminium  is  abont  50,  with  oopp 
at  90  and  silver  at  100.  Its  thermal  conductivity  is  abont  38,  copp 
73*6,  and  silver  100.  Undoubtedly  the  conductivity  of  chemioid^ 
pure  aluminium  is  much  higher,  the  sample  tested  containing  aba 
1  *  5  per  cent,  impurities. 

Aluminium  is  a  little  softer  than  silver,  but  its  ductility  allows 
to  be  drawn,  punched,  or  spun  into  almost  any  form.  A  great  deal 
sheet  metal  is  being  used  for  this  purpose,  and  much  more  would 
used  if  it  were  not  for  the  fact  that  a  slightly  bluish  tint  detrad 
from  its  resemblance  to  silver.  Practically,  aluminium  is  na 
tamishable ;  but  strictly  speaking,  after  long  exposure  to  the  atoi 
sphere,  its  polish  becomes  dulled  by  a  very  thin  film  of  white  oxid 
which  seems  to  protect  it  from  further  deterioration.  Sulphuretv 
hydrogen  has  no  action  on  it. 

It  is  inert  in  most  of  the  acids.  Hydrochloric  acid  and  the  fi» 
alkalies  are  its  true  solvents.  It  has  been  claimed  by  certain  Germi 
chemists  that  aluminium  is  attacked  by  almost  all  vegetable  ado 
even  tea  and  beer  having  a  solvent  action  upon  it.  This  statem^ 
has  repeatedly  been  prov^  to  be  untrue.  Even  strong  brine  has  b« 
shown  to  have  a  very  inconsiderable  action  upon  it  The  mistaJ 
was  due  to  the  use  of  aluminium  foil :  it  is  well  known  that  almost  a 
metals  when  in  a  line  state  of  division  are  attacked  by  reagents  tlu 
have  no  action  on  them  in  bulk. 

The  specific  heat  of  aluminium  is  very  high  (0*2253),  being  aboi 
double  that  of  iron ;  consequently,  although  its  melting  point  is  l«fi 
about  1290''  F.,  it  takes  a  long  time  for  it  to  become  iiuid,  and  i 
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quallj  long  time  for  it  to  set.  Founders  do  not  usually  realise  this, 
iod  the  melted  metal  appearing  rather  thick,  they  genenJly  make  the 
Qistake  of  pouring  it  too  hot. 

Alaminium  is  not  volatile  at  any  heat  obtainable  by  ordinary 
omboBtion  of  carbon ;  but  a  thin,  tenacious  film  of  oxide  forms  on  the 
urfaoe  of  the  melted  metal,  which  protects  it  from  further  oxidation. 
Uumininm  is  very  sonorous  in  the  form  of  a  bar,  but  not  when  cast 
nto  a  bell.  This  is  piobably  explained  by  the  fact,  noticed  by 
''araday,  that  a  note  is  compound,  being  formed  of  a  tone  audible  in 
he  longitudinal  direction  and  another  in  the  transverse. 

The  alloys  of  aluminium  are  divisible  into  two  classes —those  con- 
kin  ing  less  than  12  per  cent,  of  aluminium  and  the  remainder  some 
ther  metal,  and  those  containing  less  than  15  per  cent,  of  some  other 
letal  and  the  rest  aluminium.  In  the  first  class,  aluminium  bronze,  con- 
linrng  90  per  cent,  copper  and  10  per  cent  aluminium,  is  the  most 
aloable.  Its  tensile  strength  is  90,000  ro  100,000  lb.  per  sq.  in.,  and 
rben  a  little  silicon  i8  also  present  its  strength  sometimes  rises  as 
igh  as  135,000  lb.  per  sq.  in.  To  this  class  belongs  the  steel  alloy, 
freatly  increased  quantities  of  aluminium  have  lately  been  used  by 
leel  workers.  A  faction  of  a  per  cent,  of  aluminium  is  added  to  the 
teel,  generally  for  the  purpose  of  obtaining  sound  clean  castings,  and 
>  is  probable  that  half  the  steel  castings  made  at  the  present  day  are 
sodered  free  from  *'  blow-holes  "  by  the  addition  of  small  amounts  of 
InmiDium.  To  the  second  class  belong  numerous  alloys  of  aluminium 
ith  small  percentages  of  copper,  tin,  zinc,  silver,  or  titanium  added 
ff  hardening  and  stiffening  purposes. 

In  fact,  the  chief  demand  for  aluminium  is  at  present — and  pro- 
ibly  always  will  be — in  connection  with  its  alloys.  The  use  of  the 
letal  itself  will  be  chiefly  for  light  machinery,  fittings  for  lighting 
id  water  supply,  astronomical  and  scientific  instruments,  and  art 
«tal  work  generally.  With  copper,  aluminium  forms  a  series  of 
lautifal  alloys,  varying  in  colour  from  bluish-white  to  red-gold  and 
de  yellow,  differing  very  widely  in  physical  and  mechanical  proper- 
B8.  Those  containing  60  to  70  per  cent,  aluminium  are  very  brittle, 
a88-hard;  and  beautifully  crystalline ;  with  50  per  cent.,  the  alloy 

quite  soft;  but  under  30  per  cent,  the  hardness  returns.  Tne 
I  per  cent,  bronze  has  a  whitish-yellow  tint,  somewhat  resembling 
smath.  It  is  very  brittle,  and  can  be  pulverised  in  a  mortar.  The 
ittlenees  of  alloys  above  11  per  cent,  prevents  their  use,  but  from 

per  cent,  down  to  1  per  cent,  they  are  most  valuable.  Their 
tjBical  and  mechanical  properties  render  them  useful  for  every 
^riety  of  metal  work,  and  the  high  price  of  aluminium  has  been  the 
ily  restriction  to  their  use  hitherto.  In  resistance  to  compression,  a 
^  per  cent,  alloy  equals  the  best  cast  steel ;  its  transverse  strength 

rigidity  is  about  40  times  greater  than  that  of  ordinary  brass,  and 
9  limit  of  elasticity  equals  that  of  steel  of  the  same  tensile  strength 
id  elongation.     One  of  the  most  valuable  properties  of  these  alloys 

the  fact  that  they  are  forgeable,  and  can  be  worked  at  a  bright  red 
At  as  easily  as  wrought  iron ;  all  other  bronzes  are  **  hot-short." 
bo  rolling  of  sheets,  rods,  bars,  and  wire  is  done  at  a  bright  heat ; 
dj  the  finishing  is  done  in  the  cold.     A  casting  which  had  a  tensile 
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resiBtanoe  of  60,000  lb.  to  65,000  lb.  per  sq.  in.  with  20  per  ooii 
elongation,  when  rolled,  showed  83,000  lb.  tensile  resistance  wi^ 
30  per  cent,  elongation.  These  alloys  retain  their  strength  thrcm^b  t 
high  range  of  temperature,  a  qnality  most  valuable  in  a  metal.  Their 
resistance  to  corrosion,  which  is  only  a  degree  short  of  that  poGseflsed 
by  gold  and  platinum,  makes  them  invaluable  to  shipbuilders,  mA^iIl^ 
hydraulic,  and  sanitary  engineers.  This  quality,  combined  with  their 
colour,  render  tbem  far  superior  to  ordinary  bronze  for  art  metal  work 
and  statuary.  The  advent  of  smokeless  powder,  with  its  greater 
corrosive  action  on  ordinary  gun-metal  and  steel,  is  already  caosbg 
military  engineers  to  look  round  for  a  material  to  replace  these  metak 
in  the  artillery  and  small  arms  of  the  immediate  future,  and,  in  the 
peculiar  combination  of  properties  required,  aluminium  bronze  is  ns- 
approachable  by  any  other  metal  or  alloy,  and  the  solution  of  thisqiue- 
tion  will  undoubtedly  lead  to  a  great  demand  for  these  alloys.  Tbe 
aluminium  brasses  are  made  by  combining  the  metal  with  copper  utd 
zinc,  yielding  dose-grain  homogeneous  and  remarkably  tough  alkvs. 
They  are  made  in  two  grades,  and  can  be  forged  hot ;  their  special 
casting  properties,  hieh  corrosion  resistance,  and  low  specific  gn^itj 
render  tnem  most  valuable  foB  hydraulic  and  engineering  purposes 
A  propeller  blade  can  be  made  of  No.  2  brass  at  least  one-third  thiniMr 
than  cast  iron.  The  high  elastic  limit,  surpassing  that  of  alloys  used 
hitherto  for  this  purpose,  would  greatly  lessen  the  chance  of  injury  ts 
the  blades,  in  the  event  of  contact  with  wreckage,  "whales,  Ac,  it 
present  a  frequent  source  of  danger  and  delay.  In  these  days  of  £ut 
steaming,  the  weakening  of  blades  by  pitting  and  corrosion  wonM  be 
reduced  to  a  minimum  if  made  of  aluminium  brass. 
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ANTIMONY. 

rms  metal  oocnrs  in  three  forms :  (1)  the  oxide,  senarmostite,  SbjOs, 
ontAmmg  83*56  per  cent,  antimony;  (2)  the  sulphide,  stibnite, 
(Dtimonite,  or  antimony  glance,  SbjSs,  affording  71*8  per  cent.; 
3)  a  Hulph-oxide,  kermesite,  2Sb2S3,  SbjOj,  giving  75'  72  per  cent. ;  in 
iddition  to  some  unimportant  combinations  with  silver,  dec.  Beyond 
he  considerable  quantities  of  oxide  coming  from  Algeria,  and  of 
:ermeeite  from  Tuscany,  almost  the  entire  output  is  in  the  form  of 
tibDite:  and  while  it  may  be  said  that  antimony  is  somewhat 
ridely  distributed  in  nature,  yet,  owing  to  cost  and  difficulties  in 
xtraction,  only  comparatively  few  mines,  affording  a  rich  ore,  can  be 
rofitably  worked. 

Foremost  in  antimony  production  stands  Portugal,  due  principally 
)  the  mining  district  of  Oporto,  and  especially  to  the  area  lying 
etween  the  town  of  Vallonco  and  the  river  Douro,  where  some  100 
ODceesions  of  1000  metres  oy  500  or  50,000  sq.  metres  each  have 
een  taken  up.*  In  1880  the  discovery  was  made  that  almost  every 
Qtimoniferous  vein  carried  also  gold. 

The  geological  formations  of  Portugal  are  chiefly  igneous  and  old 
idimentary.  The  Oporto  mining  district  lies  practically  in  a  basin 
r  granite,  the  enclosed  rocks  being  Gambro-Silurian,  Carboniferous, 
ad  Lauren tian  slates  and  shales,  with  occasional  dykes  of  quartzite. 
"he  shales  course  N.  10°.  W.,  with  a  dip  towards  the  east  varying 
t)in  50°  to  80°.  The  most  favourable  rocks  for  good  antimony  ore 
re  bluish-grey  argillaceous  Silurian  shales.  Two  main  systems  of 
des  intersect  these  shales :  (1)  coursing  north-south ;  and  (2)  coursing 
ust-west. 

The  N.-S.  lodes  in  the  Gondomar  district  course  practically  in  the 
irection  of  the  magnetic  needle,  with  a  dip  varying  from  30°  to 
[f  W.,  which  is  opposite  to  that  of  the  enclosing  rock.  The  richest 
iDeral  is  found  in  the  E.-W.  lodes,  the  most  favourable  course 
Bing  N.  75°  E.,  the  dip  varying  from  50°  to  80°  N.  The  lodes 
BDcurally  have  well-defined  walls,  and  vary  greatly  in  thickness, 
tmi  a  few  inches  to  as  many  feet.  The  mineral  in  the  N.-S.  lodes  is 
imeminated  through  the  gangue,  whilst  that  in  the  E.-W.  lodes  is 
mdensed  into  solid  bancb  which  run  in  chimneys  dipping  about 
^  E.  The  B.-W.  lodes  are  generally  bigger.  The  district  is  very 
inch  cut  up  by  faults,  which  in  some  places  throw  the  lodes  many 
«t  The  course  and  dip  are  very  near  those  of  the  stratification  of 
)e  shales.  They  carry  a  small  amount  of  antimony  ore  and  quartzose 
frites,  the  latter  often  being  fairly  rich  in  gold.  Occasionally  the 
des  are  bent  by  faults,  which,  in  the  bent  part,  assume  more  the 

*  The  information  here  given  is  derived  from  a  valoable  paper  by  F.  Merrioki 
*Tiana.  Init  Min.  and  Met.,'  1898. 
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character  of  an  elvan  carrying  much  clay,  but  no  mineraL  Th 
country  rock  in  this  neighbourhood  is  of  a  dry  and  barren-lookmj 
nature,  and  much  softer.  Fig.  108  illustrates  the  E.-W.,  Fig.  109  th 
N.-S.  lodes  and  faults.     The  dotted  lines  represent  cross-cuts.  J 

While  the  greatest  depth  yet  reached  is  less  than  1000  ft.,  j 
appears  from  experience  with  many  of  the  lodes  that  good  mineral  J 
met  with  near  the  surface,  which  extends  to  a  certain  depth  and  thd 
appears  to  pinch  out.  In  the  case  of  the  Tapada  lode,  rich  minen 
has  been  struck  below  this  apparent  barren  stratum,  and  such  wi 
probably  be  the  case  with  other  lodes  when  depth  is  attained. 


Figs.  108,  109.— Antimont  Lodes. 

The  Vallongo  district  is  practically  free  from  faults.  The  norti 
south  are  the  principal  and  paying  lodes,  and  differ  from  those  of  tl 
Gondomar  district,  in  that  the  ore  occurs  more  in  the  form  of  irn 
gular  pockets.  Other  lodes  with  different  directions  are  not  mufl 
good  and  are  not  worked,  the  mineral  in  these  being  much  dissem 
nated. 

The  principal  mineral  worked  in  the  Oporto  district  is  snip] 
only  occasional  pockets  of  oxide  of  antimony  being  met  with, 
gangue  is  principally  quartz,  rarely  crystalline,  with  some  iron 
arsenical  pyrites.  Enclosed  country  rock  is  also  associated  with 
ganeue.  Calcspar  is  often  met  with,  more  frequently,  however^ 
the  lodes  of  the  Vallongo  district.  Scheelite  was  onoe  found  in 
Tapada  lode.     Tellurides  are  sometimes  met  with. 

Among  the  other  European  centres  of  productioD,  the  Bohemift 
mines  are  in  granite  and  mica  schist,  the  Hungarian  in  grami 
(sometimes  auriferous),  the  Styrian  in  dolomite,  and  the  Turkish  ab 
in  granite.  Victoria,  New  South  Wales  and  Western  Australia  tf 
all  large  producers  of  auriferous  stibnite;  at  Hill  Grove  the  vein 
occur  in  metamorphosed  Devonian  strata  near  a  granite  dyke.  I 
New  Brunswick  antimony  is  mined  in  a  quartz  and  caldte  gftogo 
in  clay-slates  and  sandstones  of  Cambro-Silurian  age. 
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Within  the  United  States  stibnite  has  been  found  in  a  nnmber  of 
places,  all  in  the  West.  At  San  Emigdio,  Eem  County,  California,  it 
IB  contained,  with  qnartz  gangue,  in  a  vein  in  granite.  The  vein 
varies  in  thickness  from  a  few  inches  to  several  feet,  and  has  produced 
some  ore  whioh  has  been  smelted  to  regulus  and  shipped  to  market. 
Sevetral  other  small  deposits  occur  in  San  Benito  County,  and  else- 
where in  California.  Stibnite  has  also  been  discovered  in  Humboldt 
[kranty,  Nevada^  and  in  Lander  County,  not  far  fix)m  Austin,  in  a 
luartz  gangue.  Some  remarkable  deposits  occur  in  Iron  County, 
Utah,  as  masses  of  radiating  needles  which  follow  the  stratification 
)lane8  of  sandstone  and  fill  the  interstices  of  a  conglomerate.  No 
attempts  to  work  these  Utah  mines  have  been  successnil.  Stibnite  is 
bond  in  Sevier  County,  Arkansas,  filling  veins,  with  a  quartz  gangue, 
n  sandstone.  An  interesting  deposit  of  senarmontite  was  found  in 
lie  Mezioan  province  of  Sonora,  just  south  of  the  Arizona  line,  but 
he  q^uantity  did  not  prove  great. 

The  vein  at  San  Emigdio  reaches  40  ft.  in  thickness,  but  the  mass 
f  the  ore  is  too  low  grade  to  work.  Published  analyses  of  the  best 
[nudity  give  62^  per  cent,  antimony,  6j^  bismuth,  12^  silica,  1^  alu- 
linay  entire  freedom  from  lead  and  copper,  and  3  to  15  oz.  silver  per 
on.  At  present  the  only  productive  mines  in  America  are  in  Nevada, 
lie  Beulah  mine  near  Austin,  from  a  vein  2  ft  wide,  produced  600 
cms  in  1892,  averaging  60  per  cent,  metal;  and  the  Sutherland,  200 
>ii8  at  5^  per  cent. ;  the  aggregate  value  being  about  10,000Z.  On 
Mdne  Creek,  California,  a  ledge  of  '*  quartzite  and  porphyritic  rock  " 
ras  remarkable  for  yielding  several  tons  of  nodules  of  metallio 
[latiTe)  antimony,  of  all  sizes  up  to  300  lb.  each. 

Borneo  is  one  of  the  largest  shippers  of  antimony  to  Europe.  Boli- 
ia  contains  much  stibnite  associated  with  ffold  and  silver.  One 
line  in  Potosi  is  turning  out  100  tons  a  month  of  65  per  cent,  grade. 
\  is  said,  however,  that  the  veins  all  impoverish  in  depth. 

Though  the  metallurgy  of  antimony  is  simple  in  theory  it  is  dif- 
oult  in  practice,  owing  to  the  ready  volatility  of  the  metal.  Hence 
le  ore  must  be  extremely  pure  to  admit  of  profitable  mining.  Even 
I  Portugal,  which  is  comparatively  near  the  English  market  (the 
neat  centre),  crude  ores  below  45  per  cent,  were  not  profitable  in 
)91.  In  purification  by  liquation,  in  the  present  stage  of  the  metal- 
rgy,  it  seems  practically  impossible  successfully  to  separate  the 
ibnite  from  the  gangue  when  the  ores  run  below  some  such  extreme 
oiit  as  30  per  cent.  Such  considetations  are  important  in  their 
tarings  on  tne  value  of  a  new  enterprise.   Stibnite  is  poorly  adapted 

w^  methods  of  dressing,  because  it  is  extremely  brittle  and  is 
[ually  disseminated  through  hard  quartz  in  fine  needles  or  blades, 
hich  break  up  into  slimes. 

At  the  most  progressive  of  the  Portuguese  mines,  the  ore  on  being 
ised  to  tiie  surfiice  is  passed  over  a  li  in.  screen ;  the  smalls  from 
lis  are  conveyed  to  rolls,  trommels  and  jigs.  The  stu£f  passing  over 
deposited  in  bins,  and  ^ence  is  gradually  drawn  on  to  a  table  pro- 
ded  with  water  from  a  hose,  and  hand-picked  by  women,  the  waste 
Uing  into  shoots  for  transfer  to  the  waste-heap.    The  first  quality 

practically  pure  mineral  is  picked  out  and  put  by  for  barrelling ; 

2  p 
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the  rest  is  hand-cobbed  and  separated  into  three  qualities,  the  beit  of 
which  goes  with  the  previous  selection,  and  contains  65-70  per  cent 
metal.  Seoond  quality  runs  from  56  to  60  per  cent,  metal,  and  is  bar- 
relled separately.  The  third  or  last  quality  is  sent  to  t^e  breaker, 
rolls,  and  trommels,  and  divided  into  five  classes  (a)  that  paancg 
ihroueh  the  trommel ;  (6)  that  passing  f  in.  holes ;  (c)  -A^  in« ;  (<2)  ^ 
in. ;  ^)  ^  in.  The  first  class  is  again  h^nd-picked  and  crushed  with 
tiie  second ;  the  third  and  fourth  are  seiit  to  the  jigs ;  while  the  fiftli 
goes  to  the  settling  tanks,  pointed  boxes,  strakes,  buddies,  ^.  Third 
quality  ore  carries  about  48  per  cent,  of  metal.  Only  about  10  per 
cent,  of  the  total  lode  stuff  raised  is  marketable  ore. 

The  English  method  of  smelting  antimony  ores  has  been  well  de- 
scribed by  E.  Bodger,  from  whose  paper  *  tiie  fcdlowing  aoooimt  is 
condensed. 

The  ores  must  be  free  from  lead  and  arsenic,  neither  of  whidi  ou 
be  eliminated.  The  ore  is  ground  under  edge  runners  and  pMsed 
through  a  coarse  screen,  the  bogest  pieces  which  are  allowed  to  pi» 
being  about  the  size  of  haz^-nuts.  After  grinding,  a  sample  ii 
assayed  to  ascertain  how  much  iron  is  requii^d  for  reduction.  Tbe 
process  of  smeltine  consists  in  reducing  the  sulphide  of  antimony  bj 
means  of  metallic  iron,  the  fusion  taking  place  in  crucibies  meMuring 
16  in.  high,  11  in.  wide  at  top,  tapering  to  the  bottom,  and  contaiinng 
10  per  cent,  graphite  in  their  composition,  which  are  heated  in  a 
very  long  reverberatory  furnace.  This  furnace  consists  of  a  bed  54  fi 
long,  including  the  fireplaces,  and  7  ft.  4  in.  broad  (inside  site), 
covered  by  a  low  arch  which  springs  almost  from  the  surfiaoe  of  tk 
ground,  the  bed  itself  being  sunk  below.  It  is  heated  by  a  fireplftos 
at  each  end,  drawing  into  a  common  flue  in  the  middle  of  the  floor  of 
the  furnace.  The  sides  and  top  of  the  arch  are  covered  with  l-in 
cast-iron  plates,  the  whole  anchored  in  the  usual  way.  The  famAoe 
is  sunk  into  the  ground,  so  that  it  is  quite  easy  to  step  on  to  its  in^ 
covered  roof. 

The  crucibles  are  lowered  into  their  places  through  42  drcak! 
holes,  14  in.  diam.  in  the  arch,  21  on  each  side.  Two  4-in.  hdes  ii 
the  furnace  roof  at  each  end  of  the  bed  are  used  for  renxmi^ 
clinker. 

The  pair  of  crucibles  nearest  the  fireplaces  at  each  end  is  kept  &f 
'*  starring,"  or  refining  the  crude  metal.  The  charge  for  each  crociUi 
consists  of  42  lb.  ground  ore,  16  lb.  wrought-iron  scrap,  4  lb.  oomsoi 
salt,  and  1  lb.  skimmings  frcm  the  next  operation,  or  uie  same  weight 
of  impure  slag  from  a  previous  melting.  These  weights  vary  ww 
every  ore,  but  the  above  will  be  true  for  .an  ore  of  52  per  oest 
metal. 

The  scrap  must  not  be  cast  iron.  Tixmed  scrap  is  preferred  frn 
its  convenient  form,  and  the  small  trace  of  tin  being  gener&Ol 
believed  to  benefit  the  antimony.  Part  of  the  tinned  scrap  is  beatM 
up  into  a  round  ball,  large  enough  to  fit  the  top  of  the  crucible  looiify^ 
Such  a  ball  weighs  about  13  lb.,  and  one  is  used  for  each  charge,  tki 
remaining  iron  required  being  added  in  the  form  of  turning!  ^ 
borings,  mixed  through  the  ore,  along  with  the  salt,  in  the  wei^ii^ 
•  Jt  8oo.  Chem.  Ind.,  xL  16,  xii.  1075. 
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Bcoop.  Hie  miztnre  of  ore,  salt,  and  iron  is  dropped  into  the  ornoible 
yinmgli  an  iron  funnel,  the  lump  of  beaten  scrap  being  thrown  in 
last  to  form  a  kind  of  lid ;  the  fiiTnace  hole  is  then  olosed  for  about 
\  hour,  when  the  cmcible  is  again  examined.  In  the  meantime  a 
firesh  charge  is  weighed  out  ready  for  the  ornoible  the  moment  it  is 
empty.  As  the  charge  melts,  the  ball  of  iron  on  the  top  falls  down 
and  is  gradually  absorbed,  the  iron  reducing  the  antimony  to  the 
metallio  state,  it  being  itself  oonverted  into  sulphida  The  salt  assists 
the  separation  of  the  slag,  and  tends  to  promote  the  fusion  of  the 
fiilicious  matters  of  the  ore.  The  length  of  time  required  for  fusion 
and  decomposition  varies  with  the  position  occupied  by  the  crucible. 
As  a  rule,  about  4  meltings  are  got  irom  each  crucible  per  12  hours, 
so  that,  fidlowing  for  charging  and  occasional  changing  of  crucibles, 
b^  a  little  less  than  3  hours  may  be  taken  as  an  average ;  the  richer 
the  ore  the  shorter  the  time  required  to  melt  it.  Opposite  to  each 
crucible,  except  those  used  for  tiie  final  refining,  is  placed  a  conical 
«a8t-iron  mould  close  by, the  furnace  side,  large  enough  to  hold  the 
contents  of  the  crucible,  and  furnished  with  a  cast-iron  lid.  The 
^srocible  is  balanced  on  the  edge  of  the  furnace  wall,  and  the  contents 
are  poured  into  the  mould,  which  is  at  once  covered  with  the  lid ;  the 
cmcible  is  examined,  scraped  out  if  need  be,  replaced,  and  at  once 
recharged. 

The  mould  has  at  the  bottom  a  circular  |-in.  hole.  The  first  por- 
tion which  reaches  the  mould  chills,  and  prevents  the  escape  of  the 
renudnder.  The  fused  mass,  when  cool,  is  knocked  out  by  a  hammer 
and  punch.  When  the  mass  is  removed  the  reduced  antimony  is 
knocked  off  the  slag,  which  should  be  quite  clean  enough  to  be  thrown 
away.  The  metal  obtained  is  known  as  *' singles,  and  contains: 
antimony,  91*63  per  cent.;  iron,  7*23  per  cent.;  sulphur,  0*82  per 
cent. ;  insoluble  matter,  0*32  per  cent.  An  excess  of  iron  is  used  to 
reduce  the  whole  of  the  antimony  in  the  ore,  and  the  next  operation 
consists  in  removing  this  by  melting  the  '^singles"  with  a  small 
quantity  of  pure  sulphide  of  antimony,  the  liquated  sulphide  being 
lued  for  this  purpose. 

The  charge  for  the  second  fusion  consists  of  84  lb.  singles  broken 
fimall,  7  to  8  lb.  liquated  sulphide  of  antimony,  with  4  lb.  salt  added 
as  a  flux.  Sometimes  kelp  salt  is  used  in  place  of  ordinary  salt  in  this 
fosion,  and  is  found  to  be  very  siiitable.  The  reaction  in  this  fusion 
IB  similar  to  that  in  the  last  operation,  the  excess  of  iron  in  the  metal 
reducing  the  pure  sulphide  of  antimony  to  the  metallic  state,  being 
itself  converted  into  sulphide  of  iron.  The  fusion  is  dbsely  watched, 
and  great  care  is  taken  that  the  metal  and  the  sulphide  of  antimony 
shall  mix  thoroughly ;  but  much  stirring  with  iron  tools  should  be 
avoided  at  this  stage,  as  the  object  is  to  remove  iron  so  far  as  possible. 
When  stirring  is  required,  it  is  done  as  quickly  as  possible,  in  order 
to  expose  the  iron  stirrer  as  little  as  may  be  to  the  action  of  the  sul- 
phide of  antimony.  When  fusion  is  complete,  the  mass  is  skimmed 
Dj  means  of  a  cast-iron  ladle  placed  on  a  long  shaft,  and  the  metal  is 
poured  into  moulds  identical  with  those  used  in  the  previous  opera- 
tion. The  metal  resulting  from  this  melting  is  known  as  **Btar 
howls,"  and  each  fusion  yields  a  lump  of  about  80  lb.  The  skimmings 
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go  to  the  first  operation.  An  analysis  of  tliis  second  metal  showed 
antimony,  99 '63  per  cent.:  iron,  0'18  per  cent.;  sulphur,  0*16  pc 
cent. — total,  99*87  per  cent. 

The  surface  of  the  crystals  of  this  metal  is  covered  with  tin] 
hright  specks,  which  are  a  certain  sign  of  the  presence  of  sulphur 
this  appearance  is  known  as  **  flouring,"  metal  showing  these  speck 
heing  said  to  be  "  floured."  As  in  the  first  melting  it  is  necessary  ti 
add  an  excess  of  iron  in  order  to  remove  all  the  antimony,  so  in  thi 
case  it  is  necessary  to  add  an  excess  of  sulphide  of  antimony  in  orda 
to  remove  all  the  iron,  and  hence  the  presence  of  sulphur  in  the  anti 
mony  obtained.  In  order  to  remove  this  sulphur,  and  finally  ti 
purify  the  metal,  another  melting  is  required ;  and  the  cnstom  of  thf 
trade  being  that  antimony  shall  be  sold  in  flat  ingots,  each  **  starred' 
or  crystallised  on  the  upper  surface,  it  is  necessary  to  take  precautiom 
so  as  to  obtain  this  "  star  "  or  crystallised  appearance,  by  means  o 
which  the  buyer  judges  of  the  purity  of  the  metaL 

These  two  results  are  achieved  by  melting  the  metal  along  with  \ 
peculiar  flux  known  as  "  antimony  flux,"  a  body  often  difficnlt  to  pre 
pare,  but  easily  kept  in  order.  The  rule-of-thumb  process  of  niakin| 
this  flux  is  carried  out  as  follows : — 3  parts  ordinary  American  potasl 
are  melted  in  a  crucible  and  2  parts  ground  liquated  solplude  o 
antimony  are  mixed  in.  When  the  mixture  is  complete  and  th« 
fusion  is  quiet,  the  mass  is  poured  out  and  tried  on  a  small  scale  t< 
see  whether  it  yields  a  good  *'  star " ;  if  it  does,  the  ingot  of  metal 
obtained  is  broken,  and  the  metal  is  examined  to  judge  whether  it  i^ 
free  from  sulphur.  If  free,  then  the  flux  is  considered  satisfactoi] 
and  may  be  put  in  use ;  but  otherwise  the  flux  is  remelted  and  mor^ 
of  one  ingredient  or  the  other  is  added  as  experience  dictates. 

The  process  of  refining  and  restarring  the  star-bowls  is  as  follows :  J 
The  lumps  of  metal  when  cold  are  removed  from  the  mould  amj 
thorough^  cleaned  from  the  adhering  skin  of  slag  by  chipping  witi 
sharp  hammers,  this  paii;  of  the  work  being  sometimes  done  by  women] 
who  become  ve^  expert  in  rapidly  and  completely  removing  everj 
trace  of  slag.    Unless  this  cleaning  process  is  carefully  carried  ou^ 
it  is  hopeless  to  attempt  to  obtain  a  good  star  on  the  finished  metal 
The  chippings  are,  of  course,  collected  and  returned  to  the  second 
melting.     The  star-bowls,  having  been  cleaned,  are  broken  small,  and 
a  charge  is  weighed  out  for  refining.     The  charge  used  is  84  lb.  stai> 
bowls  and  a  sufficiency  of  the  antimony  flux.     Enough  flux  is  added 
to  surround  the  ingots  completely,  less  or  more  according  to  theii 
shape  and  thickness — ordinarily' about  8  lb.     The  melting  takes  place 
in  the  crucibles  next  the  fireplaces — that  is  to  say,  in  those  whid^ 
are  hottest  and  in  which  the  fusion  will  be  most  rapid.     The  charj 
of  metal  is  thrown    into  the  crucible  and  narrowly  watched,   an 
whenever  it  begins  to  melt  the  flux  is  added.    As  soon  as  the  fu8i<| 
appears  to  be  complete,  the  fumaceman  stirs  the  mixture  once  roun 
only  with  an  iron  rod,  and  the  charge  is  at  once  poured  out.     T) 
ingot  moulds  are  placed  side  by  side,  having  between  them  a  wedgl 
shaped  frame  of  cast  iron,  called  a  "  saddle,"  the  edge  of  which  poial 
upward,  and  upon  which   the  charge  is  poured,   when  the  utreal 
divides,  one  half  finding  its  way  into  each  mould.     These  moulds  af 
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ift  to  cook  nndifltnrbed,  and  as  they  cool  the  flux  which  covers  the 
irface  cracks,  and  when  cold  can  be  easily  knocked  off.     The  flux  is 
Bed  over  and  over  again,  a  piece  of  carbonate  of  potash  being  thrown 
ito  each  fusion  when  old  flux  is  used.    In  this  way  it  will  be  seen 
lat  the  flux  keeps  on  increasing  as  a  little  potash  is  added  and  a  little 
liphor  and  antimony  are  picked  up  at  each  fusion.     The  ingots  must 
3  completely  surrounded  by  flux ;  there  must  be  a  thin  layer  of  it 
etween  the  mould  and  the  metal,  and  also  the  whole  surface  of  the 
igot  must  be  covered  to  the  depth  of  \  in.    Under  the  circumstances 
»e  metal  should  always  give  a  good  star  and  preserve  a  good  colour. 
he  traces  of  flux  which  adhere  are  removed  by  washing  in  warm 
ater  with  the  assistance  of  a  little  sharp  sand,  water   by  itself 
mig  insufficient  to  remove  the  flux,  which  is  practically  insoluble 
I  water. 
The  personnel  of  such  a  furnace  consists  of  about  36  men  and 
women,  this  total  being  made  up  as  follows : — 2  flremen,  one  each 
re,  day  and  night,  4 ;  8  fumacemen,  4  on  each  side,  day  and  night, 
> ;  2  men  cleaning  metal,  day  and  night,  4 ;  2  men  breaking  metal, 
kj  and  night,  4 ;  1  man  weighing  charges,  day  and  night,  2 — total, 
I.    On  day  shift  only  there  are : — 3  men  grinding  ore,  &c. ;  1  smith, 
pairing  tools,  &c. ;  3  women  packing  and  washing ;  and  1  engine 
id  boiler  man — ^total,  38.    This  does  not  include  the  making  of  cruel- 
68,  but,  generally  speaking,  one  crucible-maker  and  one  labourer  can 
ike  enough  crucibles,  working  during  the  day  only,  to  keep  the 
mace  going.     The  coals  consumed,  including  those  for  firing  the 
Ins,  amount  to  about  22  tons  per  week,  or  a  little  more  than  1^  ton 
ch  shift.      About  11  crucibles  are  used  per  ton  of  reflned  metal 
oduoed,  but  this  might  be  reduced  by  careful  working.     The  yield 
finished  metal  from  such  a  furnace,  working  a  52  per  cent,  ore,  is 
ont  14J  tons  per  week. 

A  great  deal  of  volatilisation  takes  place  from  the  melted  metal  in 
e  pots,  and  the  fume  thus  produced  is  condensed  in  the  flues  of  the 
rziace,  which  are  built  for  that  purpose  in  a  winding  manner,  passing 
ckward  and  forward  under  the  floor  of  the  crucible  drying  stoves, 
as  to  dry  the  pots  at  the  same  time  that  the  fume  is  condensed.  The 
tal  amount  of  fume  varies  very  much ;  the  richer  the  ore  the  less 
me  there  is  in  proportion  to  the  antimony  produced,  although  the 
solute  amount  is  greater  than  when  a  poorer  ore  is  worked.  About 
per  cent,  of  the  total  antimony  contained  in  the  ore  is  volatilised 
oxide,  and  of  this  the  greater  part  .is  condensed  in  the  flues.  The 
me  is  whitish,  heavy,  and  rather  crystalline,  in  appearance  not  very 
dike  white  arsenic.  It  contains  about  70  per  cent,  to  12\  per  cent,  of 
Btallic  antimony.  The  smelting  of  this  fume  is  conducted  as  follows : — 
test  experiment  is  made  in  order  to  ascertain  the  amount  of  carbon 
the  form  of  coke  or  anthracite  necessary  to  reduce  all  the  antimony 
■esent  in  the  fume.  This  having  been  found,  the  fume  is  mixed  by 
inding  under  edge  runners  with  the  proper  quantity  of  carbonaceous 
atter,  and  of  the  mixture  so  produced  a  few  pounds'  weight  is  added 
each  charge  of  ore  and  iron  when  melting  for  singles.  As  the  gases 
ven  off  in  the  process  are  apt  to  cause  the  mixture  in  the  pots  to 
erflow,  the  "  boiling  ore,"  as  the  workmen  term  the  mixture  of  fume 
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and  coke,  is  therefore  looked  upon  by  them  with  great  dis&vonr ;  kt 
beyond  the  mechanical  difficulties,  there  is  no  trouble  whatever  in 
smelting  the  fume.  The  flues  require  cleaning  out  at  int^rals^ 
sometimes  once  cTcry  2  or  3  months.  About  3  to  6  per  oent.  of  the 
metal  is  lost  in  the  slags. 

The  ingots,  which  are  known  in  the  trade  as  ^  French  metal" 
after  being  wrapped  in  straw,  are  packed  in  kegs  holding  about 
6  cwt.  net. 

Continental  smelting  methods  have  been  described  by  B.  Helm- 
hacker  *  and  by  C.  A.  Hering,*  who  suggest  some  improTements. 

Where  the  reverberatory  furnace  is  used  without  crucibles,  a  solid 
hearth  is  indispensable,  as  the  very  fluid  metal  penetrates  all  crevioe&, 
and  where  no  artificial  bed  is  sufficiently  durable,  recourse  is  had  to 
granite  or  some  similar  stone,  formed  into  a  trough  of  one  piece,  and 
made  not  from  the  hardest  stone,  which  will  probably  crack  on  heatbg, 
but  of  softer,  half-weathered  varieties.  Onroasted  ore  and  scrap  iio& 
may  now  be  plftced  upon  the  furnace  bed,  where  the  former  melts 
readily  and  is  decomposed.  All  the  metal  cannot  be  thus  recov^ed, 
since  a  part  volatilises  and  a  part  forms  a  double  sulphide  with  the 
iron. 

In  the  process  by  which  antimonite  is  fused  with  sodium  ctrbo- 
nate,  the  mixture  froths  very  considerably,  and  is  found  to  attack 
the  furnace. 

In  the  third  process,  the  partially-roasted  ore,  containing  Sb^ 
SbsOs,  and  Sb204,  is  charged  into  the  furnace  with  small  coal,  scrap 
iron,  and  soda  (or  with  coal  and  soda  alone).  Where  it  is  possibk 
8  to  13  per  cent,  of  coal  and  9  to  11  per  cent,  of  soda  are  used  witboit 
the  addition  of  iron,  since  with  the  latter  the  slags  are  less  fusible  asA 
do  not  entirely  cover  the  bath  of  metal,  and  a  regulus  rich  in  iron  is  aleo 
obtained.  A  furnace  with  a  cavity  on  one  of  the  longer  sides,  in  whick 
to  collect  regulus  during  the  liquation  and  metal  in  the  subsequent 
treatment,  is  best  suited  for  this  purpose. 

The  great  expenditure  of  fuel  and  loss  by  volatiliaation  in  theee 
processes  render  a  method  of  smelting  by  the  blast  furnace  desirable. 
Experiments  in  this  direction  have,  however,  been  only  partially 
satisfactory.  Helmhaoker^s  early  experiments  failed,  owing  to  the  is6 
of  a  coke  with  12  per  cent,  of  ash  and  of  powdered  oxides  of  antimonj. 
He  therefore  made  up  the  oxide  into  lumps  with  10  per  cent,  of  sodinn 
sulphate  and  a  little  water,  and  charged  into  the  furnace  with  33  per 
cent,  of  chaicoal.  At  first  all  went  well,  the  charges  sank  regultfly 
down,  a  flne  rain  of  metallic  globules  fell  into  the  crucible,  and  a  good 
red  heat  was  maintained  in  front  of  the  tuyers ;  but  in  about  6  hoius 
a  quantity  of  blackish  balls  of  slag  (consisting  of  Na^S  reduced  from 
the  sulphate)  accumulated  before  the  tuyers;  and  from  that  tiicd 
the  temperature  gradually  fell  at  this  point,  though  the  heat  was 
maintained  and  reduction  still  proceeded  in  the  upper  part  of  tbe 
furnace.  Apparently  the  only  difficulty  consisted  in  finding  a  snf- 
ciently  fusible  slag.  Attempts  to  find  a  substitute  for  solid  granite 
hearths  have  failed :  fireclav  is  more  rapidly  attacked  by  the  soda ;  ste^ 
tite  exfoliates  under  the  heat ;  and  magnesite  is  insufficiently  sobi 
•  Dingl.  Polyt.  Jl.,  1883. 
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BISMUTH. 

This  metal  oocnrs  in  a  number  of  forms,  but  chiefly  as  native  bs- 
muth,  as  a  sulphide  (81  per  cent,  metal),  as  an  alloy  with  gold  (mal- 
donite),  and  as  a  carbonate  (bismutite). 

In  England  a  few  owt  of  the  metal  are  yearly  produced  in  Com- 
wall,  but  the  chief  European  sources  are  the  6axon  Erzgebir^ 
where  it  is  commonly  encountered  with  cobalt  and  silver  ores ;  the 
Erzgebirge  of  Bohemia,  in  connection  with  silver  and  tin.;  the  silver 
ores  of  Styria  and  Carinthia;  and  the  gold  mines  of  Cziklova  in  tiw 
Banat  and  Rezbanya  in  Transylvania,  associated  with  tellurium,  pdd, 
and  rilver.  The  yearly  production  of  bismuth  ores  in  Austria  is 
800-1000  tons,  aifording  1200-1400  lb.  metal.  In  Norway  it  oocwb 
with  copper.  The  auriferous  deposits  of  the  Yeniseisk,  Siberia, 
contain  bismuth.  It  is  associated  with  gold  in  Charlotte  County, 
New  Brunswick,  the  rock  giving  10  per  cent,  bismuth  and  5  dwl  gold 
per  ton.  Bismuth  occurs  with  certain  silver  ores  in  the  San  Jota 
district,  Colorado,  where  it  is  produced  commercially ;  and  Lane's 
mine  at  Monroe,  Connecticut,  has  furnished  specimens  of  native  bia^ 
muth  in  quartz.  Bismutite  has  been  met  with  in  conjunction  with 
gold  at  Chesterfield,  S.  Carolina.  The  sulphide  is  found  at  Cato 
Branca,  Minas  Geraes,  Brazil.  A  large  deposit  of  bismuth  ore  is 
worked  at  Quechisla  (Chorolque),  Bolivia,  associated  with  silw  vA 
tin,  the  monthly  output  reaching  25  tons.  Both  metallic  bismnth 
and  bismutite  are  products  of  the  auriferous  deep  leads  of  VictcHia; 
and  at  Nuggety  Reef,  Maldon,  Victoria,  both  in  the  neighbourhood  oC 
the  granite  veins  and  a  few  inches  deep  in  the  granite  itself,  are  en- 
countered quantities  of  maldonite,  the  gold  from  this  district  being 
largely  alloyed  with  bismuth.  In  Queensland,  bismuth  ore  aoown- 
panies  magnetite,  and  the  mixture,  after  wet  concentration,  is  P*^ 
through  a  magnetic  concentrator,  by  which  the  percentage  ol 
bismuth  is  raised  from  10  or  12  to  20.  Tasmania  also  affords  some 
bismuth. 

The  metallurgy  of  bismuth  possesses  but  littie  general  interest  m 
the  industry  is  a  monopoly.  Producers  of  bismuth  ore  content  the®- 
selves  with  concentrating  the  mineral  as  eflficientiy  as  mav  be,  to  «^ 
freight,  and  shipping  to  London.  Nearly  all  commercial  bismuth  and 
bismuth  ores  carry  notable  amounts  of  the  precious  metals,  enhancing 
their  value  but  complicating  their  treatment.* 

The  low  fusing  point  of  the  metal,  476°  F.,  gives  it  a  ^^^^ 
alloying  purposes,  and  it  is  employed  to  some  extent  as  a  drug;  wt 
the  demand  is  always  limited,  and  the  market  is  closely  controDei 
Shipments  of  20  per  cent,  ore  from  Australia  have  fetched  lOOi.  atos* 
but  probably  the  gold  contents  influenced  the  value. 

♦  Consult  E.  A.  Smith,  Jl.  Soc.  Cham.  Ind.,  1893,  p.  318;  E.  Mattliey,  aia* 
1889,  p.  286,  and  Chem.  News,  1893,  pp.  63,  67 ;  and  *  Mineral  Industrj.'  u.  69. 
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CHROMIDM. 

^  mineral  cbromite,  which  is  a  mixture  of  the  oxides  of  iron  and 
hrominin,  is  the  nniversal  source  of  chromium.  Chromite  is  a 
lember  of  the  spinel  series,  and  resembles  magnetite  very  dosely. 
lie  theoretical  chromite  FeO,  Cr^Oj,  with  68  per  cent,  chromic  oxide, 
fien  has  magnesia  (MgO)  replacing  a  portion  of  the  FeO,  and  ferrio 
ode  (Fe^O,)  and  alumina  (AI2O9J  replacing  a  part  of  the  Gtjdi. 
liefle  other  oxides  lower  the  grade  of  the  ore.  About  50  per  cent, 
liromic  oxide  is  the  general  market  standard. 

Chromite  is  always  found  in  association  with  serpentine.  This 
)ck  has  usually  resulted  from  the  alteration  of  rocks  consisting 
^ly  of  olivine,  hornblende,  and  pyroxene ;  the  chromic  oxide  has 
iparated  from  these  minerals  and  from  a  chrome  spinel  (picotite, 
[gO,  FeO,  AljOj,  FcjOs,  Qtjd^  often  found  with  them.    The  chromite 

thus  scattered  through  the  serpentine  in  irregular  masses,  which 
Id  often  of  considerable  size.  Although  known  as  a  mineral  in  many 
q)entines,  chromite  has  only  been  pi*oduced  commercially  in  Queens- 
ttd.  New  Zealand,  New  Caledonia,  Asia  Minor,  Eussia,  and  the 
nited  States.  Individual  mines  are  seldom  large  on  account  of  the 
)ckety  nature  of  the  deposit. 

Wood's  mine,  in  Pennsylvania,  was  a  notable  exception,  but  it  is 
)w  exhausted.  Certain  others  in  the  Bare  Hills  north  of  Baltimore 
ere  also  quite  productive  in  their  day.  California  is  at  present  the 
inoipal  commercial  source  of  chrome  ore  in  the  United  States, 
reat  areas  of  serpentine  occur  on  the  flanks  of  the  Sierras  and  in  the 
xwt  Range.  These  afford  chromite  in  Del  Norte,  San  Luis  Obispo, 
Aoer,  Shasta,  and  many  other  counties  of  the  State,  but  the  four 
aned  send  Ae  greater  portion  to  market.  A  mine  on  Shotgun 
reek,  in  Shasta  County,  produced  in  1889  the  exceptional  yield  of 
KK)  tons;  the  general  yield  is  much  less.  In  San  Luis  Obispo 
)Tmty  the  mineral  is  gathered  from  the  surface  of  the  serpentine, 
bere  it  has  been  left  as  '* float"  by  the  weathering  of  the  rock.    It 

also  mined  underground.  At  the  skipping  point  an  ore  with 
>  per  cent,  chrome  oxide  brought  d5«.  per  ton.  No  ore  less  than 
^  per  cent,  chromic  oxide  is  accepted,  at  present  conditions,  but  ores 
^er  50  per  cent,  bring  higher  prices.  There  is  great  uncertainty  in 
te  mining  on  account  of  the  irregular  distribution  of  the  ore,  and 
;cau8e  it  grows  less  rich  as  depth  is  attained.  Traces  of  nickel 
inerals  frequently  occur  in  connection  with  chrome  ore.  The  mining 
carried  on  in  a  desultory  manner,  the  greater  part  of  the  ore  being 
carried  by  timers  in  dull  times  and  sold  to  dealers  in  small  lots, 
ily  one  mine  being  exploited  systematically.  Much  of  the  chrome 
'6  existing  in  California  assays  less  than  47*5  per  cent.  Cr^Oj,  and 
IS  no  commercial  value  at  present,  while  many  of  the  richer  deposits 
e  in  localities  whence  the  cost  of  transport  to  market  is  prohibitory. 
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It  is  stated  that  so  ore  with  less  than  50  per  oent.  chromio  oxide  oal 
be  sent  east  in  competition  with  ores  from  the  Mediterranean. 

Ohromite  has  been  mined  at  Cnrpur,  in  the  Shevaroy  Hills*  India 
sinoe  1833.  The  principal  roclos  where  the  mines  are  sitiiated  aii 
homblendio,  mioaoeoas,  and  talcose  schists,  penetrated  by  dykes  <i 
basalt  and  layers  of  serpentine,  whioh  last  is  intersected  by  a  porfed 
network  of  veins  of  magnesite.  The  ohromite  occurs  very  irregnlarl; 
in  these  veins  in  lenticular  masses  of  various  shapes  and  sizes ; 
block  was  said  to  weigh  a  couple  of  tons. 

There  are  many  places  where  chrome  ore  is  produced  which 
handicapped  by  transportation  charges,  and  in  this  connection  it 
interesting  to  quote  recent  figures  relating  to  cost  of  one   month' 
concentration  in  California,*  where  a  42  per  cent,  ore  is  omshed  * 
breakers  and  Huntington  mills,  and  dreraed  by  Woodbury  vannei 
and  settling  tanks : — 

£ 

900  tons  (2240  lb.)  ore  at  22«. 990 

10,000  bags  at  4H       180 

60  oords  oak  at  200 ,     60 

80  oords  willow  at  16«.        24 

1  millman  at  16f.  a  day      24 

1       „       at  14s.     „         20 

5  labourera  at  6s.      «,         45 

MisoellaneouB  expenses      '..     ..      40 

Product :  700  tons  (2000  lb.)  of  50  per  cent,  concentrates,  oostiiij 
36«.  6d.  for  material  and  fuel,  and  39.  6(2.  for  labour,  total  40t. 
ton. 

Placet,  a  French  chemist,  is  said  to  have  succeeded  in  producing 
perfectly  pure  chromium  by  means  of  electrolysis,  which  will  allow 
the  metal  Doing  placed  on  the  market  in  sufiGlcient  quantities  to 
all  industrial  requirements.    The  pure  chromium  differs  £ram 
metal  produced  in  the  ordinary  way.    It  has  a  beautiftil  white 
that  is  unaffected  by  exposure  to  the  air  or  by  contact  with  adds, 
it  has  the  further  quali^  of  being  exceedingly  tough,  and  less  fiosil 
even  than  platinum.     Until  chromium  was  produced  in  its  pure  st 
its  scope  as  an  alloy  was  strictly  limited  to  the  manufacture  of  ehroi 
sibeel,  as  the  presence  of  iron  and  carbon  prevented  its  being  alio) 
with  other  metals.    The  pure  chromium  nas  practically  no  limit 
its  application  as  an  allov.    A  very  small  quantity  will  suffice  to  gi' 
great  toughness  and  malleability  to  almost  any  metal,  which  is 
rendered  capable  of  bearing  a  very  high  polislL     The  toug^ 
of  copper,  for  instance,  will  be  nearly  doubled  by  an  alloy  of  5 
cent,  pure  chromium;  and  the  possibilities  of  aluminium  are  in 
same  way  enormously  increased,  as  any  deeree  of  hardness  and  tougl 
ness  can  be  secured  by  a  more  or  less  addition  of  chromium  as  ai 
alloy. 

*  <  Mineral  Industries,*  a.  154. 
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COBALT. 

^BALT  ooonrs  in  many  forms,  and  all  cobalt  minerals  are  associated 
Qtimatelj  with  those  of  nickel,  especially  with  the  arseniate,  the 
rsenide,  and  the  sulphide.  The  chief  ores  of  cobalt  are  (1)  the  arse- 
late,  cobalt  bloom,  carrying  37^  per  cent,  cobalt  oxide;  (2)  the 
lack  oxide,  asbolane,  or  earthy  cobalt,  with  24  per  cent,  cobalt  oxide 
nd  76  per  cent,  manganese  oxide ;  (3)  the  arsenide,  smaltine,  or  tin 
rhite  cobalt,  giving  18  to  25  per  cent,  cobalt;  and  (4)  the  snlph- 
rsenide,  cobaltine,  yielding  33  to  37  per  cent,  cobalt  Mention  may 
Ibo  be  made  of  the  cobaltiferous  wad  or  "  cobalt  terra,"  carrying  3-5 
er  cent,  cobalt  oxide,  raised  in  New  Caledonia. 

Near  Bhyl,  Flintshire,  is  the  only  productiYe  British  cobalt  mine, 
hirioas  irregular  cavities  called  ** swallows"  here  occur  in  the 
lount&in  limestone,  and  are  filled  up  with  a  red  ferruginous  clay, 
ontaining  deposits  of  hsamatite,  asbolane,  and  manganese  oxide. 
amples  of  clean  ore  vary  from  20  to  37  per  cent,  cobalt  sesquioxide, 
to  10  per  cent,  nickel  sesquioxide,  and  23  to  40  per  cent,  manganese 
inoxide ;  but  the  mineral  as  mined  does  not  afford  over  1  per  cent. 
[>balt  and  ^  to  1  per  cent,  nickel,  yet  the  search  is  profitable,  and  has 
een  carried  on  for  some  years,  yielding  50-150  tons  annually,  worth 
bout  62.  a  ton. 

Norway  possesses  important  cobalt  deposits  at  Skutterud,  where 
be  ore  is  chiefly  cobaltine,  associated  with  arsenical  and  iron  pyrites, 
1  bands  of  quartz-schist  and  mica-schist,  which  Prof.  Le  Neve  Foster 
efines  as  beds  in  altered  sedimentary  strata,  while  others  describe 
tie  formation  as  gneissic.  The  bands  are  nearly  vertical,  with  a 
f.-S.  strike,  generally  12-18  ft.  wide,  and  richest  where  the  quartz 
redominates.  In  1882  this  mine  was  producing  at  the  rate  of  8000 
ms  of  ore  per  annum. 

The  Swedish  mines  at  Tunaberg  are  similar.  The  country  rock 
I  gneiss,  and  the  vein  carries  bunches  of  cobaltine  and  copper  pyrites, 
ith  a  little  galena  and  limestone.  The  ore  yields  36  per  cent,  cobalt 
rhen  sorted  and  cleaned.  Much  more  important  are  the  Gladhammar 
dnee,  a  network  of  veins  carrying  cobaltine  and  cobalt  bloom  asso- 
iated  with  copper  pyrites,  salena,  blende,  stibnite,  molybdenum,  and 
magnetic  iron  pyrites,  in  chloritic,  homblendic  and  micaceous  schists. 

Other  European  sources  of  minor  importance  are  located  in  France, 
rermany,  Austria,  and  Spain. 

CobiJt  is  widely  distributed  in  Nova  Scotia,  and  is  frequently 
3nnd  in  wad  (bog  manganese),  mispickel,  copper,  and  magnetic  iron 
yrites,  but  has  not  been  mined  commercially. 

In  the  United  States  it  is  sometimes  associated  with  the  ores  of 
ickel,  sometimes  with  Uiose  of  copper.  At  Silver  Islet,  the  mineral 
^acfarlanite,  found  with  the  silver  ores,  yields  a  small  percentage  of 
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cobalt.  In  Missouri,  at  Mine  la  Motte  and  at  the  Saint  Joe  lead  mineB, 
oobalt-bearing  minerals  are  found  associated  with  the  galena  and  with 
nickel  in  the  form  of  millerite ;  the  cobalt  as  siegenite,  in  brilliant 
octahedral  crystals.  At  the  Gap  mine,  in  Lancaster  County,  Penn- 
Bvlyania,  cobalt  is  found  replacing  part  of  the  iron  in  the  pyrrhotite; 
the  percentage  is  exceedingly  small,  and  the  ore  cotdd  not  be  worked 
for  cobalt  alone.  Smaltite  occurs  in  Gunnison  County,  Colorado,  &t 
the  mines  of  the  Sterling  Mining  Company,  analysis  showing  11*59 
per  cent,  cobalt.  Some  of  the  copper  ores  of  western  Nevada  are  also 
reported  to  contain  cobalt ;  and  it  is  found  in  traces  in  many  of  tbe 
iron  ores  of  Pennsylvania  and  Virginia.  The  speiss  formed  in  smelt- 
ing certain  Utah  lead  ores  also  contains  appreciable  quantities  of 
cobalt.  But  no  American  ore  is  worked  for  cobalt  alone,  the  small 
amount  produced  being  obtained  as  a  by-product  in  the  reduction  of 
the  nickel  ores  of  the  Gap  mine.  These  ores  are  smelted  to  a  mattd 
at  the  mine,  and  further  treated  at  the  Camden  Nickel  Works ;  the 
small  amount  of  cobalt  obtained  is  worked  up  into  oxide.  At  Mineh 
Motte,  the  cobalt  is  obtained  in  a  matte  produced  in  smelting  the  lead 
ores,  liie  matte  being  shipped  to  England  and  (Jermany  for  reductioiL 

In  New  Caledonia  are  found  quantities  of  cobaltiferous  manganese 
ore.  Both  the  cobalt  and  the  manganese  occur  as  hydrated  oxides  in 
fragments  scattered  through  a  red  clay  filling  pockets  in  serpentine, 
the  percentage  of  cobalt  in  the  cleaned  nodules  oeing  1\  to  3. 

Several  methods  of  treatment  are  adopted  for  cobalt  ores. 

At  the  Gladhammar  mines  the  ore  is  hand-picked  and  then  redaced 
to  apple-size  in  a  Blake  crusher.  After  mixing  it  with  slack  ooal  and 
calcining  slowly  and  at  a  low  temperature  for  removal  of  arsenic  and 
sulphur,  it  is  ground  very  fine  in  a  mortar  mill,  mixed  with  alkali, 
and  again  roasted  at  a  gradually  increasing  temperature.  What 
roasted  and  cooled,  it  is  leached  with  hot  water  in  a  series  of  tanks. 
In  the  uppermost  group,  the  contained  iron  is  precipitated ;  in  the 
next,  the  copper  is  thrown  down  by  adding  scrap  iron;  itod  fimally, 
the  cobalt  is  removed  by  powerful  filter  presses. 

Dr.  W.  Stahl  adopts  a  process  which  enables  him  to  work  up  veij 
low  grade  materials.  His  method  of  treatment  consists  in  roasting' 
the  powdered  ore  with  salt  and  pyrites,  by  which  means  the  cobalt, 
also  copper  and  manganese  if  present,  are  converted  into  chlorides, 
whilst  the  iron  is  only  chlorinated  to  a  very  small  extent.  After  thaj 
roasting,  the  ore  is  extracted  with  water  without  any  difficulty,  and 
the  liquors  obtained  are  treated  first  with  sulphuretted  hydrogen,  to 
remove  copper,  and  then  from  the  filtrate  the  cobalt  is  precipitated  by 
means  of  sodium  sulphide.  The  small  quantity  of  manganese  and 
iron  thrown  down  with  the  cobalt  is  dissolved  from  the  mixed 
sulphides  by  means  of  a  mixture  of  dilute  sulphuric  and  hydrochlorie 
acids.  The  following  equations  represent  the  changes  'which  tab 
place  in  the  roasting  process : — 

4NaCl  -h  2SO3  +  O2  -h  2HaO  =  2^9.^0^  +  4HC1 

2C03O4  +  12HC1  =  eCoCTa  +  GH^O  -f  O^ 

C03O4  -t-  6NaCl-f  3SO2  +  02  =  8C0CI2  +  3  NaaSO* 

2C03O4  +  12NaCl  -f  6SO3  =  6Na2S04  +  OCoaj  +  O^ 
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At  the  works  of  the  Maletra  Chemical  Company,  at  Petit  Qu^rilly, 
tear  Boaen,  Prance,  a  new  process  for  the  treatment  of  the  cobaltio 
oaDganeee  ore  from  New  Csdedonia  has  been  successfully  introduced 
»y  Herrenschmidt  The  composition  of  the  ore,  subject  to  variation  in 
ertain  of  the  less  valuable  constituents,  averages :  manganese  per- 
xide,  18  per  cent. ;  cobalt  protoxide,  3  per  cent. ;  nickel  protoxide, 
•25  per  cent;  iron  peroxide,  30  per  cent;  alumina,  6  per  cent; 
Ime  and  magnesia,  2  percent ;  silica,  8  per  cent ;  loss  in  calcination, 
2*75  per  cent  The  operations  are  entirely  performed  by  the  wet 
raj,  and  the  reagents  used  are  to  a  large  extent  waste  products, 
risbg  in  the  treatment  of  the  ore.  The  order  of  operation  is  as 
)llows : — 

The  ore,  which  is  comparatively  soft,  is  ground  to  a  fine  powder 
nder  edge-rollers,  and  is  tnrown  into  large  pans  containing  a  strong 
)liition  of  ferrous  sulphate,  which  is  boiled  by  blowing  steam  through 
*  This  dissolves  manganese,  cobalt,  and  nickel  as  sulphates,  while 
le  whole  of  the  iron,  including  that  in  the  ore,  goes  down  as  basic 
Trie  sulphate  together  with  the  silica  and  alumina.  The  action 
mtinnes  for  some  hours,  fresh  ore  being  added  as  required,  until 
le  liquor  when  tested  with  permanganate  is  found  to  be  free  from 
fisolved  iron.  The  contents  of  the  pan  are  then  blown  over  to  a 
ttling  tank,  where  the  clear  liquor  is  separated  from  the  ferruginous 
•ecipitate.  The  latter  is  then  filtered  off,  dried,  and  calcined,  giving 
powder  which  is  sold  as  colcothar. 

The  ferrous  sulphate  employed  in  the  above  operation  is  prepared 
\  the  spot  from  scrap  iron  and  nitre  cake,  or  the  residue  (consisting 

sodium  sulphate  and  sulphuric  acid)  obtained  in  the  manufacture 

nitric  acid.  This  gives,  in  addition  to  the  green  vitriol,  sodium 
Ipbate,  which  salts  are  separated  by  crystallising ;  the  latter  may 
so  be  utilised  at  another  stage  of  the  process. 

The  liquors  oontaining  cobalt,  nickel,  and  manganese  sulphates 
?  transferred  to  stills  made  of  slabs  of  the  lava  from  Volvic,  in 
ivergiie,  and  sodium  sulphide  is  added.  This  precipitates  cobalt 
d  nickel  as  sulphides,  with  only  a  small  proportion  of  manganese, 
3  balk  of  the  latter  metal  remaining  in  solution  by  reason  of  the 
dity  of  the  liquor.  The  mixed  sulphides  when  separated  are 
ated  with  a  solution  of  ferric  chloride,  which  dissolves  the  man- 
oeee,  giving  a  mixture  of  sulphide  of  nickel  and  cobalt  nearly  free 
m  foreign  matters.  The  manganese  in  the  still  liquors  is  cou- 
rted into  chloride  by  calcium  chloride,  and  precipitated  by  lime  to 
Twed  in  the  Weldon  process. 

The  sodium  sulphide  used  in  this  operation  is  obtained  by  decom- 
dng  the  sodium  sulphate  remaining  from  the  ferrous  sulphate  with 
lali  waste  in  a  dosed  vessel  under  pressure,  the  final  residue  of 
&  operation  being  calcium  sulphate. 

The  precipitate  of  mixed  sulphides,  after  the  removal  of  the  man- 
leee,  is  subjected  to  a  very  careful  roasting  in  a  reverberatory 
nace,  which,  if  the  operation  is  successful,  results  in  its  complete 
nsformation  into  sulpnates  of  cobalt  and  nickel  soluble  in  water. 

The  product  of  the  last  operation,  when  dissolved  in  boiling 
ter,  is  treated  with  calcium  chloride  to  convert  the  sulphates  into 
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chlorides,  after  which  the  liquor  is  divided.  In  one  portion  fa)  the 
metals  are  precipitated  as  hydrated  protoxides  with  lime,  ana  sftei 
washing  to  remove  the  calcium  salts,  the  precipitate  is  difiPdsed  throogb 
water  and  subjected  to  the  joint  action  of  a  current  of  chlorme  and  of 
air  under  pressure,  with  the  result  of  forming  peroxides  of  nickd  tnd 
cobalt.  A  second  portion  (&)  of  the  original  protochloride  is  th« 
added,  and  the  whole  is  energetically  mixed  by  blowing  it  n]^  witk 
steam.  This  has  the  result  of  reducing  the  nickel  peroxide  m  the 
a  precipitate,  which  redissolves  as  protocmloride  with  tiie  peioxidatuio 
and  precipitation  of  an  equivalent  proportion  of  cobalt  from  b,  bo  thit 
only  nickel  remains  in  solution,  while  the  cobalt  is  entirely  sepantei 
The  proportion  of  &  is  so  chosen  that  the  whole  of  the  precipitated 
nickel  is  not  dissolved,  in  order  to  ensure  that  the  liquors  contaia 
no  cobalt.  Further  additions  of  the  solution  are  made  in  graduated 
quantities  until  the  oobalt  precipitate  is  oompletely  free  from  nickel 
when  it  is  filtered,  dried,  and  calcined  for  sale.  The  various  liquon 
containing  nickel  are  finally  collected  and  treated  with  lime,  ^ 
nickel  protoxide  precipitated  is  separated  by  a  filter-press,  and  afte 
drying  and  calcination  is  readv  for  reduction. 

The  chlorine  required  in  the  operation  is  obtained  from  a  poitioi 
of  the  ore  which  is  used  in  the  stills  with  hydrochloric  acid,  in  tii 
same  way  as  an  ordinary  manganese  ore.  Cobalt,  nickel,  and  iro( 
paslB  into  solution  at  the  same  time ;  the  first  two  metals  are  re 
covered,  while  the  ferric  chloride  is  used  in  the  treatment  of  ib 
mixed  sulphides. 

The  works  treat  about  150  tons  of  ore  a  month  and  yield  aboa 
5  tons  of  cobalt  oxide.  The  ore  being  very  bulky,  it  hais  been  pn 
posed,  in  order  to  save  freight,  to  convert  it  into  regulus  at  the  misa 
Experiments  in  this'  direction  have  been  made  at  the  same  work 
running  down  the  ore  with  silica  and  iron  pyrites  in  a  water-jacb 
blast  furnace,  with  the  result  of  producing  a  regulus  with  8  per  oe& 
cobalt,  in  addition  to  iron  and  sulphur,  and  slags  containing  all  ti 
manganese  and  only  *  02  per  cent,  oobalt.  This  concentrated  mat^ 
it  is  proposed  to  treat  in  the  same  way,  commencing,  however,  wil 
the  calcination  of  the  mixed  sulphide. 

The  world's  production  of  oobalt  is  estimated  at  about  ^to 
yearly.  New  Caledonia  alone  exporting  annually  2600-4000  tons 
3-6  per  cent.  ore.  It  is  almost  exclusively  used  in  the  form  of  Hai 
oxide  as  a  pigment,  and  is  worth  9«.  to  12«.  a  lb. 

See  also  Hgments,  p.  309. 
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COPPEB. 


IfoT  only  is  copper  fotind  in  the  Bative  state  almost  pure  (a  little 
lilver  being  generally  the  most  important  impnrity),  but  its  natural 
oombinations  are  almost  endless.  Not  less  than  a  hundred  mineral 
ipedes  may  be  regarded  as  copper  ores  from  the  practical  miner's 
point  of  yiew,  L  e.  possessing  economic  value,  and  there  are  probably 
\&  many  more  which  are  not  yet  utilised.  As  might  be  expected,  the 
in^  of  chemical  associations  is  equally  wide,  embracbg  sulphides, 
ffitmionides,  arsenides,  oxides,  chlorides,  bromides,  iodides,  carbonates, 
mlphates,  phosphates,  silicates,  arseniates,  simple  and  compound, 
lydiated  and  annydrous,  in  almost  every  degree  of  variety. 

In  point  of  richness  in  copper  the  most  important  may  be  tabu- 
atedthus: — 


Copper,  natlTe     

inprite,  CiijO      

attksodte,  Cu^ 

[eltconite,  OnO 

^)nixte«  CuaFeSt        ..      .. 
[•lachite,  20aO,Ga,H,0 
sorifte,  SCaO,CO,AO    .. 
kttidte,  Ca«AB8«      ..      .. 
Hishedrite,  40ii»,,8b,8, 
hnraocdla,  CoO,8iO,4HaO 
bflJoopyrite,  CnFeS, 


Cu. 


100 
88 
79 
79 
61 
57 
55 
48 
86 
86 
84 


/ 


/• 


/ 


Fe. 


11 

i 

30 


19 


Sb. 


26 


20 
25 


82 

26 

84 


But  these  rich  minerals  are  by  no  means  the  most  important  as 
igards  the  commercial  supplies  of  the  metal ;  in  fact,  in  that  light 
ley  may  almost  be  disregarded  so  far  as  affoiding  any  considerable 
roportion  of  the  total  yearly  output,  thongb,  of  course,  deposits  of 
lese  rich  ores  are  profitable.  The  duUc  of  the  world's  consumption  of 
)pper  is  famished  by  ores  of  the  lowest  grade,  ranging  from  little  more 
lan  1  to  perhaps  5  ^r  cent.,  though  rarely  more  &an  3  to  3^  per -cent, 
or  the  most  part,  if  not  entirely,  they  may  be  considered  as  rocks 
'  sedimentary  origin  impr^nated  to  a  sli^t  degree  with  particles 

native  copper  or  copper  ores.  Thus  the  ores  ^yritous,  arsenical, 
id  silicious)  of  Devon  and  Cornwall  are  worked  for  li  to  2  per  cent, 
pper ;  those  of  Cheshire  (oxidised  copper  disseminated  in  sandstone) 
r  less  than  1^  per  cent;  those  of  Mansfeid,  Germany  (pyritous 
ipregnations  in  bituminous  schists),  for  little  over  2^  per  cent.; 
ose  of  Bio  Tinto,  Spain  (pyrites),  for  2^  to  3^  per  cent. ;  those  of 
aidenpeo,  Servia  (various),  for  2  to  3  per  cent. ;  and,  overwhelmingly 
6  most  abundant  producers,  those  of  the  Lake  Superior  region 
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(native  metal  scattered  through  conglomerates  and  am jgdaloids),  k 
as  little  as  '  65  per  cent. 

Formerly  the  world's  supply  of  copper  was  drawn  froni  rich  ora 
containing  up  to  40  per  cent,  metal  as  mined,  and  further  exploratkn 
may  again  reveal  in  the  future  similar  deposits  to  replace  thoee  no^ 
exhausted ;  but  at  present  and  in  the  immediate  future  reliance  miE 
be  placed  on  the  enormous  low-grade  ore  bodies  now  being  workei 
especially  in  North  America. 

As  to  the  geological  conditions  under  which  the  varions  deposii 
occur,  and  the  manner  in  which  they  are  worked,  it  will  perhaps  \ 
most  convenient  to  adopt  a  geographical  arrangement,  in  alphabet! 
order,  omitting  unimportant  cases. 

Bolivia. — The  well-known  mines  of  Corocoro,  worked  since  tiB 
immemorial,  are  situated  in  red  sandstones  of  Permian  or  Truss 
age.  The  mode  of  occurrence  is  shown  in  the  sketch  section.  Fig.  110 
The  copper  is  found  as  metallic  grains  or  larger  masses  disseminate 
irregularly  in  the  sandstone  bedis,  those  which  are  known  and  workc 


Fig.  110. — GoFPEB  Deposits,  Ck)BoooBO. 


being  shown  as  solid  black  lines  (as  :  a,  Yeta  del  Buen  Pastor ;  hy  Ye 
de  Bejo ;  c,  Yeta  Umacoia),  while  broken  lines  represent  snppoR 
additional  veins.  In  the  centre,  a  great  fault  d  divides  the  wb( 
metalliferous  district  into  two  parts,  and  has  produced  both  vc 
and  horizontal  disturbance.  The  fine  grained  sandstone  of  the 
Pastor  is  impregnated  with  grains  of  metallic  copper  and  mi 
silver,  the  latter  predominating  in  value.  In  the  Kejo,  the  oo] 
is  associated  with  arsenic  and  sulphur,  much  of  it  being  as  arsen^ 
On  the  east  side  of  the  line  of  fault  much  thinner  metallifextms  be4 
(^^ramos^*)  are  found,  tolerably  constant  in  strike,  but  increa8in| 
rapidly  in  dip  as  the  fault  is  approached.  I 

The  ore  obtained  from  the  ramos  is  very  different  and  in  a  mud 
finer  state  of  aggregation  than  that  from  the  vetas ;  this  pxobablj 
arises  from  the  latter  being  situated  in  the  midst  of  much  coaxBeor  an 
more  porous  beds  of  grit  and  conglomerates  of  small  pebbles.  In  boti 
cases  the  ore  is  seldom  continuous  for  any  great  distance,  but  is  ibuni 


After  Forbes,  Proc.  Qeol.  Soc.,  Nov.  1860. 

y  Google 


Digitized  by  ^ 


METALLIFEROUS  MINERALS.  417 

scattered  through  the  metalliferous  sandstones,  in  irregular  patches 
or  spots  of  a  white  or  greenish-white  colour,  fall  of  small  grains  of 
metallic  copper :  the  colour  of  these  spots,  forming  a  striking  contrast 
with  the  deep  red  colour  of  the  rest  of  the  bed,  affords,  at  first  sight,  a 
sure  indication  of  the  presence  of  the  metal.  This  discoloration  seems 
to  indicate  some  chemical  change  having  taken  place,  apparently  con- 
nected with  the  reduction  of  the  copper  to  the  metallic  state,  and  the 
formation  of  the  sulphate  of  lime  (gypsum)  in  these  beds ;  and  Forbes 
concluded  that  this  change  has  been  caused  by  the  evolution  of 
sulphurous  fumes  penetrating  into  the  pores  of  the  strata,  at  the  time 
of  the  eruption  of  the  dioritic  rocks  of  Comanche  and  the  Cerro  de  las 
Esmeraldas,  situated  respectively  to  the  north  and  south  of  the 
metalliferous  district  of  Corocoro,  and  the  protrusion  of  which  through 
these  Permian  beds  caused  the  fault  itself  and  the  accompanying 
dislocations  of  the  strata.  The  sandstone  he  supposes  to  have  been, 
previously  to  this  disturbance,  calcareous,  and  more  especially  so  in 
the  cupriferous  parts,  in  which  he  regards  the  copper  as  having  been 
present  in  the  state  of  oxide  or  carbonate  associated  with  carbonate 
of  lime.  Sulphurous  acid,  by  combining  with  the  oxygen  of  the  oxide 
of  copper  to  form  sulphuric  acid,  would  reduce  the  copper  to  the 
metallic  state,  whilst  at  the  same  time  the  sulphuric  acid  thus  formed, 
acting  upon  the  carbonate  of  lime,  would  produce  the  sulphate  of  lime 
(or  gypsum)  invariably  accompanying  these  deposits.  It  is  interesting 
to  note  that  vanadium  is  present  here  as  in  the  Permian  Eupfer^ 
schiefer  of  Thuringia. 

The  metallio  copper  is  the  main  object  of  exploration,  and  in  a  state 
of  powder,  resulting  from  the  crushing  and  washing  of  the  cupriferous 
sandstones,  is  exported  in  large  quantities  to  Europe  under  the  namo 
of  '*  copper-barilla."  The  want  of  coal  or  wood  in  this  barren  region 
prevents  the  ores  of  copper  being  worked  or  concentrated  to  a  suffi- 
ciently high  percentage  for  exportation, — ^the  only  smelting  works 
being  supplied  with  fuel  from  the  excrement  of  llamas — it  being 
oonsidered  that  100  quintals  (each  quintal  ^  lOH  lb.)  of  llama  dung 
will  smelt  80  quintals  of  "  copper-barilla  "  ;  and  the  reverberatories 
are  built  with  two  chimneys.  The  annual  product  is  about  6000  tons 
of  barilla,  carrying  66  per  cent,  copper. 

Chili. — While  in  1865  Chili  was  responsible  for  half  the  world's 
production  of  copper,  it  now  affords  about  one-fourteenth  ;  the  most 
aooeesible  and  richest  deposits  have  been  worked  out,  and  mining  and 
metallurgy  have  not  been  improved  to  keep  pace  with  the  needs  of 
greater  depths  and  poorer  ores.  The  chief  producing  districts  are 
Coquimbo,  Atacama,  Lota,  Coronel,  Valparaiso,  and  Tocopilla,  in  the 
order  named.  The  principal  reduction  and  smelting  worxs  are  those 
of  Cousino  &  Yattier  at  Maitenes,  of  Lambert  at  Coquimbo,  and  those 
of  Chanaral,  Guaycan,  and  Tongoy. 

Germany. — The  chief  productive  ores  are  chaloopyrite  and  copper 
glance.  The  pyrites  bed  in  the  coal  measures  of  Rommelsberg,  near 
Goslar,  in  the  Hartz  Mountains,  is  a  deposit  600  m.  long  and  80  m. 
thick,  and  is  composed  of  copper  pyrites,  galena,  blende,  fahlerz,  and 
iron  pyrites,  with  heavy  spar,  calc-spar,  and  quartz.  It  was  first 
worked  over  900  years  ago. 
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The  most  important  source  of  copper  in  Germany  is  Mansfeld,  cm' 
the  south-eastern  extremities  of  the  Hartz  Mountains.  The  geological 
formation  of  this  district  is  exceedingly  simple,  as,  with  the  exception 
of  an  occurrence  of  melaphyre  in  the  Wepper  Valley,  the  whole  region 
is  composed  entirely  of  stratified  rocks,  of  which  the  "  Bothliegendes" 
forms  the  lowest  member,  then  the  '*  Zechstein,"  and  uppermost  the 
"  Bunter  Sandstein,"  which  consists  of  red  clay-slates,  red  sandstone 
and  shales,  oolitic  beds,  and  thick  masses  of  gypsum.  The  Eoih- 
liegendes  forms  the  base  of  the  "  Kupferschiefer  "  ^copper  shale).  The 
Zechstein  formation  consists  of  two  principal  divisions,  the  lower 
comprehending  the  **  Rupferschiefer-Flotz,"  or  cupriferous  seam,  and 
the  *'  Dach,*'  or  the  Zechstein  proper ;  while  the  upper  consists  o) 
*'  Stinkstein,"  "  Asche,"  and  "  Ranch wacke,"  with  gypsum  and  various 
clays. 

The  bituminous  marl  constituting  the  copper  schist,  or  shale,  liei 
with  great  regularity  on  the  Bothliegendes.  The  metalliferous  con- 
tents of  the  schist  occur  as  a  rule  in  the  form  of  a  "  Speise,"  or  very 
fine  particles,  which  in  transverse  fracture  give  a  metallic  reflectioc 
in  sunlight.  A  golden  colour  shows  a  predominance  of  chalcopyrite 
a  violet,  blue,  or  copper-red  colour,  the  preseuce  of  erubescite ;  mon 
rarely  the  colour  is  steel-grey,  from  copper  glance ;  and  sometime^ 
bluish-grey,  from  the  presence  of  galena.  The  Speise  consists  princi- 
pally of  sulphuretted  ores  of  copper,  but  there  also  occur  argentite. 
l)Iende,  galena,  and  iron  pyrites.  Although  none  of  the  layers  o) 
Kupferschiefer  is  barren,  it  is  only  in  a  few  bands  that  the  ok 
occurs  in  workable  quantities.  The  thickness  of  the  productive  seair 
varies  from  2\  to  5  in.,  and  contains  2  to  3  per  cent,  copper  with  5  u 
10  lb.  silver  to  the  ton  of  copper. 

From  the  report  recently  issued  by  the  "  Mansfeld'schen  Kup^r- 
Fchieferbauenden  Gewerkschaft "  for  the  year  1891,  it  appears  tlwi 
the  quantity  of  copper  shale  mined  during  the  year  was  521,696  ton^, 
which  included  51,719  tons  of  "  DachljKsrge "  (an  inferior  quality 
shale),  or  a  decrease  of  14,793  tons  from  1890,  due  to  the  inability 
to  get  rid  of  the  water  in  the  lower  levels.  They  were  thus  fon»i 
to  work,  at  a  greater  cost,  the  higher  levels,  which  are  much  poorer 
in  both  copper  and  silver.  The  cost  of  mining  amounted  to  38*21 
marks  (about  39«.)  per  ton,  which  was  2*29  marks  more  than  in  189('. 
The  total  quantity  of  ground  excavated  was  1,533,500  sq.  ul,  or 
102,600  sq.  m.  less  than  in  the  previous  year,  which  makes  2-  94  sq.  m. 
to  the  ton  of  shale.  At  present,  of  a  total  quantity  of  1 1,562,100  sq  m. 
of  excavated  ground,  3,793,700  sq.  m.  are  under  water.  The  furnaces 
altogether  smelted  512,828  tons  of  shale,  against  543,470  tons  in  185K). 
The  black  copper  production  was  39,331  tons,  against  40,854  tons  in 
1890.  The  yield  per  ton  of  ^hale  was  75  k  (165  lb. J  black  copptr. 
The  copper  yield  was  30*45  A;  (70  lb.)  copper,  and  '18  k  (4J  oz.)  silver 
per  ton. 

India. — A  recent  writer  *  has  described  extensive  copper  working* 
in  Singhbhum,  Hazaribagh,  Kulhari,  and  Singhana  districts,  whid^ 
seem  to  deserve  attention. 

Nova  Scotia. — At  numerous   points  .the   sandstones   and    shaltfr 
•  *  Times  of  India,'  Oct  25,  1890. 
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isent  irregular  bedded  masses  and  layers  of  copper  ores,  principally 
iy  snlpliurets,  with  films  and  coatings  of  carbonate,  and  associated 
th  fossil  plants,  to  whose  presence  their  deposition  is  attributed, 
therto,  attempts  to  find  them  in  workable  amounts  have  not  been 
jcessftil,  though  a  Permo-carboniferous  sample  from  Carribou,  near 
Jtou,  gave  40  per  cent,  copper,  25^^  sulphur,  11  iron,  2  cobalt, 
ime,  \  manganese.  In  the  Triassic  formation,  most  noticeably  at 
irgaretville,  copper  ores,  principally  carbonates  with  native  copper, 
I  found  in  veins  in  the  trap  and  ash.  These  veins  have  been  ex- 
•red  several  times  without  success.  No  records  have  been  made 
the  "low-grade"  values  of  these  rocks,  but  there  is  reason  to 
)po8e  from  the  frequent  occurrence  of  copper  ores  over  so  wide  an 
»nt  of  territory  that,  locally,  beds  may  be  found  carrying  the 
eeminated  metal  in  amounts  of  economic  value.* 
Persia. — Copper  is  very  plentifully  distributed  throughout  Persia,t 
i  close  to  Semnan  is  a  very  interesting  deposit,  where  considerable 
antities  of  copper  exist,  chiefly  as  carbonate,  with  a  little  sulphate 
d  oxide.  The  ore  is  found  in  small  veins  and  disseminated  through 
day  stone  which,  in  some  cases,  is  still  quite  plastic,  in  others  is  so 
ghly  silicified  as  to  resemble  agate  and  jasper.  It  has  clearly  been 
posited  by  the  action  of  mineral  waters,  as  there  can  be  seen  layer 
ter  layer  of  material  permeated  throughout  by  salts  of  copper.  In 
tne  cases  the  little  seams  or  veins  of  copper  carbonate  are  over  \  in. 
ick.  The  workings  are  very  rough  and  irregular,  but  go  down  a 
nsiderable  depth,  and  at  a  fairly  steep  angle ;  layer  after  layer  of 
«  copper-bearing  stuff  being  passed  through,  with  comparatively 
iiren  ground  between.  The  deposits  are  very  similar  to  some  in  the 
ate  of  Guerrero,  Mexico,  where  the  ore  occurs  in  precisely  the  same 
W8  of  formation,  further  proof  of  the  mineral-spring  character  of 
«  deposits  being  in  each  case  given  by  the  seams  of  crystallised 
rpsum  which  are  found  with  the  copper  salts.  Average  samples 
we  2-3  per  cent,  copper. 
Scandinavia. — What  will  probably  prove  to  be  very  important 
pper  deposits  exist  at  Sulitelma,  but  have  hitherto  been  unde- 
sloped  owing  to  transport  difficulties.  The  pyrites  carry  a  small 
sxcentage  of  zinc,  but  are  very  free  from  other  impurities,  and 
ment  copper  made  from  these  is  entirely  devoid  of  antimony, 
Knic,  and  bismuth. 
Spain. — The  celebrated  cupriferous  pyrites  beds  of  Eio  Tinto,  San 
Ingos,  and  Tharsis  occupy  a  great  metalliferous  belt,  over  100 
» long  and  30  miles  wide,  partly  in  Spain  and  partly  in  Portugal, 
^  country  rocks  are  Upper  Devonian  slates,  striking  16*^  to  25^N. 
[W.  and  with  a  nearly  vertical  dip,  often  much  altered  into  talc 
AN  &C.,  by  intrusions  of  quartz,  quartz-syenite,  granite,  diabase, 
I  felspar  porphyry.  There  are  four  principal  *'  lodes  "  (?  bedded 
^s),  all  occurring  at  or  near  the  junction  between  the  porphyry 
I  the  slate,  and  attaining  sometimes  to  the  enormous  thickness  of 
to  600  ft.     Fig.  Ill  illustrates  the  formation:  a,  pyrites  vein, 

L*  E.  Gilpin,  **  Geological  Relations  of  Nova  Sootia  Minerals,"  Trans.  Amer.  Instt 
f-  EnKs..  188D. 
t  J.  Maetcar,  **  Notca  on  Persian  Mines,"  Trans.  In*t.  Min.  and  IMet.,  iii. 
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Fig.  111. — CoppEB  Dkposits, 
Rio  Tinto. 


worked  out  at  &,  and  capped  by  gossan  e;  <2,  slates;  0,  porpbyry; 
The  minerals  composing  the  vein  matter  vary  oontinually,  and  6» 
brace  the  sulphides  of  iron,  lead,  and  zinc,  as  well  as  most  Tarietiei 
of  cupreous  pyrites.  The  mining  operations  are  conducted  on  a 
enormous  scale,  probably  the  largest  in  Europe.    In  the  magnfisiai 

limestones  of  Permian  age,  in  Astunu 
are  very  extensive  deposits  of  melaooniti 
giving  75  per  cent,  copper  when  sept 
rated,  and  the  whole  mineral  nuk>8  assay 
ing  over  6  per  cent. 

United  States. — ^The  copper  of  tb 
Lake  region  (chiefly  Michigan  state 
<KScnrs  native,  with  some  silver,  in  boti 
sedimentary  and  interstratified  igneoQ 
rocks  of  the  Eeweenawan  system;  as 
cement,  binding  together  and  replaoBj 
the  pebbles  of  a  porphyry  conglomerate  ;  or  filhn^  the  amygdoks  i 
the  upper  portions  of  the  interbedded  Hheets  of  igneous  rock ;  or  a 
irregular  masses,  sometimes  of  enormous  size,  in  veins,  with  a  gangn 
of  calcite,  epidote,  and  various  zeolites  ;  or  in  irregular  maseea  alon 
the  contacts  between  the  sedimentary  and  igneous  rocks.* 

Of  the  three  principal  mining  districts — Keweenaw  Point,  on  tlJ 
end  of  the  Point ;  Portage  Lake,  in  the  middle :  and  Ontonagon,  a 
the  western  base.  Portage  Lake  is  now  almost  the  only  producer. 
In  the  Keweenaw  Point  district  most  of  the  mines  are  on  ori_ 
fissures,  which  hnve  later  become  much  enlarged  by  the  alteration 
the  walls.  They  are  usually  1  to  3  ft.  broad,  but  may  reach  30  ft. 
the  looser  textured  rocks,  and  these  expansions  are  also  richer 
copper ;  the  veins  stand  nearly  vertical  and  cross  the  beds  at  lij 
angles,  while  the  metallic  masses,  both  large  and  small,  occur 
tributed  through  the  gangue.  The  best  known  mines  are  CI 
Phoenix,  and  Copper  Falls. 

In  the  Portage  Lake  District  the  mines  are  either  in  conglomi 
(Calumet  and  Heola,  l*amarack.  Peninsula,  &c.)  or  in  amygdak 
strongly  altered  diabase,  certain  very  sooriaceous  sheets  of  which 
known  as  ash-beds  (Quincy,  Franklin,  Atlantic,  &c.).     In  the  • 
glomerates  the  copper  has  replaced  the  finer  fragments,  so  as  to  ap] 
like  a  cement,  and  often  the  boulders  themselves,  or  particular 
rals  in  them,  are  permeated  with  copper.     The  metal  occupies 
small  cavities  of  the  amygdaloids,  and  in  the  open  or  shattered 
it  fills  all  manner  of  irregular  spaces,  often  in  fragments  of  great  sise| 
it  is  associated  with  calcite,  zeolites,  epidote,  and  chlorite.  1 

In  the  Ontonagon  district  the  copper  follows  planes  approximate^ 
parallel  to  the  bedding  of  the  sandstones  and  igneous  rocks,  and  ij 
one  mine  at  least  (National)  along  the  contact  between  the  two ;  it  i 
quite  irregular  in  its  distribution,  but  has  the  same  associates. 

In  practice  the  mines  are  classed  as  ''mass,"  ''amygdaloid, 
and  "  conglomerate,"  according  to  the  size  of  the  masses  of  copper  a 
to  the  character  of  the  enclosing  rock.  l*he  original  souroe  of  th 
copper  w€w  thought  bjr  early  investigators  to  be  the  eruptive  rook 
themselves,  and  that  witii  them  it  had  come  in  some  form  to  the  vox 
*  J,  F.  Kemp, « Ore  Deposit^.* 
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koe,  and  bad  been  snbeeqnently  concentrated  in  the  cayities.  Pumpelly 
^feired  it  to  copper  sulphides,  distribute  through  the  sedimentary 
IS  well  as  the  igneous  rocks,  from  which  circulating  waters  have 
eached  it  out  as  carbonate,  silicate,  and  sulphate.  Although  the 
raps  are  said  by  Irving  to  be  devoid  of  copper  except  as  a  secondary 
ntroduction,  it  is  probable  that  their  basic  minerals  may  be  its  source. 

Willie  the  deep  explorations  on  these  wonderful  deposits,  which 
lave  now  attained  a  depth  of  4000  ft.  from  the  surface,  show  the 
opper  contents  to  be  well  maintained,  it  is  noteworthy  that  the 
luality  of  the  metal,  at  least  for  electric  purposes,  is  not  up  to  its 
brmer  high  standard.  The  great  reduction  in  thn  cost  of  electrolytic 
fwfmfng  and  the  high  quality  of  the  product  render  the  trade  less 
lependent  on  Lake  copper,  and  widen  the  field  from  which  high- 
juality  metal  can  be  drawn. 

As  an  example  of  the  low  point  to  which  cost  of  production  has 
Men  brought  on  these  mines,  the  following  figures  (1891)  relating  to 
the  Atlantic  mine  are  quoted  from  Birkinbine : — 

Total  rock  stamped 297,030  tons 

Concentrates  produced      5,089,7001b. 

Refined  copper  produced 8,653.6711b. 

Yield  of  copper  per  ton     ..     12*3  lb. 

9,  percent. *615 

G  roes  valne  of  product  per  ton       91*5467  (6«.  3(2.) 

Ooet  per  ton  of  mining,  self  cting,  and  breaking  . .     . .  $0  *  9529 

^  transportation      $0-0386 

^  stamping  and  separating $0*2582 

„  freight,  smelting.  &c $0*1847 

^  construction  account $0*1107 

^  total      $1*5451 

THe  stamping  in  this  case  is  done  by  5  Leavitt  steam  stamps  with 
l^in.  cylindera  The  aggregate  product  of  these  stamps  is  1000  tons 
a  day.  The  ore,  when  it  comes  up  from  the  mine,  is  first  picked 
orer  by  hand,  to  remove  barren  rock,  and  then  crushed  to  about  the 
Bze  of  broken  coal.  The  cost  of  treating  the  ore,  from  the  time  it  is 
dumped  at  the  shaft  mouth  to  the  time  it  arriyes  at  the  stamps  in  the 
concentrating  mill,  is  about  7  c.  (3^.),  so  that  the  total  cost  from  the 
ahaft  month  to  the  smelting  operation  is  33  0.  (1#.  4j^.)  per  ton  of 
lock  snitable  for  milling. 

Folio-wing  is  a  summary  of  the  Wolverine  mine,  for  1894 : — 

Book  hoisted      108,220  tons 

„    stamped     ..      ..   * 76,440  tons 

Mineral  produced      1,852,2351b. 

Beflned  copper  produced ..  1,611,8571b. 

Tieldof  copper  per  ton  stamped     21*08  lb. 

„  percent 1*05 

Co6t  per  ton  of  rock  hoisted $1145  (4a  9d.) 

«        stamped ..  $1*625(6^  9d.) 

Sinking        279*2  ft. 

cost  per  a $11*18  (46i.7d.> 

Drifting       2304*6  ft. 

„       cost  per  ft. $5*97  (25a) 

Btoping        4587*7  fiithoms 

„       cost  per  fathom     $8*89(37«.) 

Bock  discarded  as  poor     ..      31,780  tons 

percent 29 

Yield  of  copper  from  mineral,  per  cent 87*02 
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In  the  Butte,  Montana,  oopper  region,  the  veins  Beem  to  baTs 
been  originally  fissures  or  shear  zones — but  greatly  enlarged  by  i»^ 
placement  of  the  walls  with  ore — ^filled  with  oopper  sulphides  (boniit«r 
chalcopyrite,  d^o.)  in  a  silioious  gangue.  Much  silver  is  associated 
with  the  oopper.  At  Butte  is  a  north  and  south  valley  6  miles  widi 
between  high  granite  ridges  on  the  east  and  lower  rhyolite  ridges  aa 
the  west,  and  near  the  middle  of  this  valley  rises  the  butte  of  rby<>J 
lite  which  gives  the  town  its  name.  In  the  half  of  the  valley  esfll 
of  the  meridian  of  the  butte  is  a  very  dark  basic  granite,  oonsistiog 
of  quartz,  orthoclase,  plap^ioclase,  and  an  unusu^  amount  of  mica, 
augite,  and  hornblende.  In  the  part  west  and  south  of  the  butte  is  fl 
highly  acidic,  light-coloured  granite,  containing  quartz  and  orthoclatf 
felspar  with  very  little  biotite.  Quartz-porphyry  dykes  penetiati 
the  basic  granite,  and  rhyolite  dykes  are  encountered  in  the  ore  bodies 
In  the  coarse  granite  east  of  the  butte  occur  two  distinct  east-wotl 
ore  zones :  the  northern  contains  silver  ores  (chiefly  sulphides  of  irwij 
lead,  silver  and  zinc)  in  a  silicious  gangue  with  much  rhodonite ;  thi 
southern  affords  argentiferous  copper  ores  (bomite,  chalcooite,  chalotv 
pyrite,  enargite,  pyrite)  in  a  silicious  gangue.  Scarcely  any  ooppei 
is  met  with  in  the  N.  zone,  and  no  manganese  in  the  8.  zone  (except 
with  zinc  in  the  Gagnon  vein),  thus  presenting  the  remarkable  phe< 
nomena  of  two  parallel  and  adjacent  systems  of  fissnres  in  the  sanM 
country  rock  being  filled  with  very  different  ores.  West  of  the  butt^ 
in  the  acidic  granite  is  a  later-developed  zone  carrying  silver  and 
mangane>e.  As  regards  the  source  of  the  metalliferous  minerals,  i^ 
is  probably  to  be  sought  in  the  eruptive  rocks,  for  Emmons  found  • 
•06  oz.  silver  per  ton  in  the  rhyolite  and  '09  oz.  in  the  buttt 
granite. 

The  yield  of  copper  from  the  rock  raised  in  Montana  average^ 
about  7  per  cent,  as  against  less  than  2  per  cent,  in  the  Lake  region 
but  wages  rule  nearly  double.  The  following  figures  relating  ti 
some  of  the  Montana  mines,  though  lacking  in  detail,  are  neverthdefl 
interesting : — 


MtaA. 

Tom  Ore 
raised. 

Cost  of  Mining. 

Cost  per  torn. 

1 

$             «^   i 

Colosa-Parrot      

16,640 

82,840 

1-97=    8    3 

Elra-Orlu      

805 

665 

218=    9    1 

Blaok-Rook 

2,795 

18,255 

4-74  =  19    y 

Parrot 

53.155 

184,575 

3-47  =  14    5 

Original        

9,405 

40,805 

4-33  =  18    0 

Glengarry 

17,000 

51,000 

308  =  12    6 

MooltoQ        

940 

7,403 

7-87  =  32    9 

The  average  is  $3*29  (14«.  Srf.)  for  the  mines  quoted,  and 
Dr.  Ledoux  has  estimated  the  mean  cost  of  mining  in  the  Butte  distrid 
at  $3  (12«.  6d.)  per  ton. 

The  Arizona  and  New  Mexico  mines  have  enjoyed  an  advantage 

♦  8.  F.  Emmons,  "Notes  on  the  Geology  of  Butte,  Montana,"  Trans.  Aib« 
Inst.  Min.  Engs.,  xvi.  49. 
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1  having  ores  yielding  (in  1889)  over  10  per  cent,  copper,  and, 
eing  oxidised  for  the  most  part,  they  were  readily  reduced  to  black 
xide. 

The  Santa  Hita  mines  are  found  near  the  contact  of  a  limestone 
nd  a  large  bed  of  eruptive  rock,  to  all  appearances  a  felsite.  The 
riginal  openings  were  on  native  copper,  cropping  out  in  the  felsite. 
"he  copper  occurs  in  small  pellets  or  shots  scattered  through  the  mass 
f  felsite,  or  in  small  flakes,  leaves,  or  tabular  masses,  sometimes  as 
inch  as  2  ft  square,  and  not  generally  over  \  in.  thick.  The  presence 
f  these  leaves  and  flakes  precludes  the  idea  that  the  copper  is  of  the 
fcme  age  as  the  felsite,  and  an  integral  part  of  this  eruptive  rock, 
'he  copper  has  undoubtedly  been  deposited  subsequently  to  the 
mption  of  the  felsite,  and  in  Assures  formed  at  a  later  date.  The 
ative  copper  must,  therefore,  be  held  *  to  occur  in  true  fissure  veins, 
Ithongh  the  irregularity  of  the  deposition  has  been  such  that  no 
istinot  vein  can  be  found,  and  the  copper-bearing  rock  presents 
ather  the  appearance  of  a  stocJctoerh^  having,  however,  a  general 
l-W.  strike  and  almost  vertical  dip.  In  places  near  the  surface,  the 
ative  copper  is  altered  into  a  beautiful  pure  red  oxide.  Near  the 
ine  of  junction  of  the  felsite  and  limestone  is  a  parallel  series  of  veins, 

2  which  the  ores  assume  an  entirely  different  character  (carbonates 
nd  oxides)  and  were  formerly  profitably  mined  and  smelted,  but  in 
epth,  the  rich  oxides  pinched  out. 

The  mines  of  the  Clifton  district  form  three  classes,  occurring  in  (a) 
»ower  Carboniferous  limestone,  (6)  porphyry,  and  (c)  granite.  The  ores 
f  a  are  oxides,  primarily  the  red  oxide  or  cuprite  in  a  gangue  of  com- 
act  hematite,  and  malachite  and  azurite  in  a  gangue  of  manganese  ore 
wad).  The  ores  of  h  and  c  are  oxides  and  oxy sulphides  on  the  sur- 
ace,  changing  into  copper  glance  at  a  trifling  depth,  and  into  yellow 
ulphnrets  in  the  deepest  workings.  While  in  extent  and  number 
be  veins  of  h  and  c  are  considerably  larger  than  of  a,  the  latter  are, 
fj  far,  the  most  valuable  and  productive.  One  of  the  most  important 
uines  is  the  Longfellow,  which  is  an  almost  vertical  fissure  in  strati- 
ted  limestone,  at  or  near  the  junction  with  a  dyke  of  felsite.  In 
tlaoes  the  vein,  or  branches  of  it,  are  at  the  contact  of  the  limestone 
jid  felsite,  there  forming  a  true  contact-vein.  Again,  branches  of 
he  vein  are  entirely  in  felsite,  and  other  branches  entirely  in  lime- 
tone.  The  formation  is  illustrated  in  Fig.  112:  a,  feleite ;  6,  lime- 
tone  ;  c,  sandstone ;  <f,  porphyry ;  «,  deep  adit ;  /,  upper  adit.  On 
he  rise  of  the  vein  above  the  upper  adit  large  chambers  of  mangani- 
erous  ore  containing  blue  and  green  carbonates  of  copper  were  found, 
iveraging  in  bulk  17*17  per  cent,  copper,  26*80  SiOa,  16*29  Fe^Oa, 
md  7*49  MnO.  Fine  bodies  of  rich  oxidised  ores  have  been  worked 
tn  the  porphyry  to  a  depth  of  several  hundred  feet,  but  have  always 
pinched  out  and  got  lean. 

The  ores  of  classes  h  and  c  being  found  in  a  sUicious  country- 
rock,  have  a  more  silidous  gangue,  and  contain  more  or  less  sulphur, 
rheir  development  at  Metcalf  Hill  is  shown  in  Fig.  113;  at  the  sur- 
bce  they  form  a  ttockwerk  a  in  the  porphyry  6,  while  in  depth  all  the 

•  A.  F.  Wendt,  "Copper  Ores  of  the  South-west,"  Traus.  Amer.  Inst.  Min. 
Engs.,  XV.  23. 
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small  branobeB,  coyering  1( 
vein  c,  which  rapidly  deter 
The  Coronado  mines,  of 
of  quartz-porphyry  cuttin{ 
abutting  against  and  being 
present  an  extreme  case  o 
samples  at  surface  gave  6 
vein  is  5  to  15  ft.  wide.     Il 


Fig.  112.— Copper  Depg 

LONOFBLLOW. 

a,  ore ;  6,  quartz-porphyry 
places  the  walls  are  very 
decomposed  and  kaoliDised 
where  not  so  decomposed, 
can  be  laid  down  as  a  la 
through  the  south-west,  ths 


Fig.  114.— Copper  Depo($it8, 

COBONAIX). 

of  the  country-rock  are  fa'' 
From  the  very  nature  of 
composition  is  an  accessory 
glance  in  the  Coronado  mi 
shoe,  where  the  vein   is 


Digitized  by 


Google 


METALLIFEROUS  MINERALS.  425 

fscattered  through  the  gangne,  which  is  practically  a  matn'x  of  kaolin 
with  imbedded  rounded  partides  of  quartz,  nndoubtedlj  in  its  original 
form  a  quartz-porphyry.  Wherever  the  copper  glance  in  the  Uoro- 
nado  mines  has  been  followed  down,  it  disappears  at  a  depth  of 
150-200  ft  from  tiie  surface,  and  either  the  yein  becomes  barren  or 
the  glance  is  replaced  by  yellow  sulphurets,  sparingly  disseminated 
through  tiie  gangue.  Experimental  concentrations  of  these  yellow 
sulphurets  gave  assays  of  8  per  cent,  llie  average  composition  of 
the  silicious  ores  is  11-22  per  cent,  copper,  49-67  per  cent.  SiOj,  and 
?-9jkper  cent.  iron. 

The  mines  occurring  in  granite  are  few  and  unimportant.  The 
)re  is  copper  glance  in  a  vein  10  ft  wide,  with  good  walls  but  very 
rregular  mineralisation. 

Li  the  Warren  (Bisbee)  district,  the  principal  mines  are  associated 
»ith  Lower  Carboniferous  limestone  and  felsite-porphyry.  Here,  too, 
\  distinction  can  be  made  between  veins  and  ores  found  in  the  lime- 
itone  and  those  in  the  silicious  or  eruptive  rocks.  The  ores  of  the 
alter  are  silicious,  and  within  a  few  feet  of  the  surface  change  into 
sopper  glance  and  at  greater  depth  into  pyrites;  the  ores  of  the 
ormer  are  oxidised,  and  at  a  depth  of  over  400  ft.  no  trace  of  sulphur 
las  been  discovered.  All  occur  in  true  fissures;*  and  the  two 
principal  producing  mines  of  the  district  in  every  particular  carry  out 
he  description  of  "  bed-veins  "  given  by  von  Gotta.  "  The  outcrop  of 
he  ore  starts  between  the  bedding  of  the  limestone ;  and,  as  Cotta 
emarks,  the  ore-bodies  might  be  mistaken  for  ore-beds  and  not  bed- 
^eins,  were  it  not  for  the  presence  of  spurs  into  the  walls."  The 
purs  in  these  ore-deposits  usually  follow  the  planes  of  bedding  of  the 
unestone.  The  limestone  generally  occurs  in  blocks,  and  the  ore 
hen  follows  the  plane  of  beading  until  it  comes  to  a  cross-seam  from 
ne  bed  to  the  other,  when  the  ore  will  sometimes  jump  to  the  next 
earn.  In  places  these  seams  are  several  inches  or  even  a  foot  wide, 
nd  oompletelv  surround  blocks  of  limestone;  and  the  vein  then 
ssumes  the  character  of  a  stockwerk.  In  other  places,  what  have 
vidently  been  vugs  and  caves  in  the  limestone  have  been  filled  by 
he  ore.  Fig.  115  illustrates  the  formation:  a,  ore-bodies ;  &,  lime- 
tone  ;  c,  felsite-porphyry. 

Wendt  doubts  *  whether  the  ores  of  this  district  have  ever  been 
olphurets  in  their  present  position.  The  whole  deposition  tends  to 
Tove  that  the  ores  are  not  a  secondary  decomposition  or  alteration  of 
rhat  was  formerly  sulphurets,  but  have  been  precipitated  as  car- 
onatee  from  an  acid  solution  which  carried  them  from  the  depths 
elow.  The  origin  is  probably  in  the  eruptive  rock,  which  contains 
onsiderable  quantities  of  disseminated  particles  of  pyrites. 

The  mining  of  the  great  ore-bodies  of  the  Bisbee  (Warren)  district, 
otably  those  of  the  Copper  Queen  and  Copper  Prince  mines,  has  been 
arried  out  in  a  very  systematic  manner,  entirely  difierent  from  that 
f  the  Clifton  district,  where  the  Mexican  imtem  of  mining  ruled  for 
lany  years.  The  plan  adopted  generally  is  underhand  stoping  and 
imDering  in  square  sets  (see  p.  86).  Sawed  Oregon  or  Huachuoa 
ine,  usually  10  or  12  in.  square,  is  used,  and  the  sets  are  made  7  ft 
♦  A.  F.  'WcncU,  op.  cii. 
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high  and  5  ft.  from  oeutre  to  centre.  Even  with  this  heavy  timberiii| 
occasional  crushing  takes  place.  In  1883  the  cost  of  mining— iS' 
eluding  all  expenses,  such  as  timbering — was  about  8*50  dol.  (3^] 
per  ton.  The  cost  of  smelting  amounted  to  about  10  dol.  (42«.)  p^ 
ton  of  ore  treated,  and  the  yield  of  the  ore  was  about  Vl\  per  cent 
Since  then  the  yield  of  the  ore  has  fallen  below  10  per  cent. ;  but  tin 
cost  of  mining  has  come  down  to  6  or  7  dol.,  and  of  smelting  to  8  doL 
so  that  the  cost  of  metal  on  the  spot  from  10  per  cent^  ore  should  no^ 
exceed  7^  c.  rsfd.)  a  lb. 

In  the  Globe  district,  the  Old  Dominion  mine  is  in  a  fissure  ii 
bedded  sandstone  dipping  15°-20°  S.,  the  vein  striking  N.E.— S.W. 
dipping  vertically,  and  measuring  2  ft.  wide,  with  many  barrel 
patches.  The  sorted  ore  carries  20  per  cent,  copper,  with  considerable 
arsenic  and  antimony,  and  some  gold  and  silver ;  it  is  silicioos,  an< 
requires  much  flux. 

1'he  vein  of  the  Globe  mine  is  in  a  fissure  crossing  Carboniferom 
limestone,  near  an  upheaval  of  diorite,  which  forms  the  foot  wall  o 
the  ore-body  in  part.  Near  the  contact  of  diorite  and  limestone,  tlv 
rock  18  decomposed,  kaolinised,  and  very  soft  and  unctuous.  Whei 
the  great  ore-body  is  entirely  in  limestone,  the  latter  is  discoloured 
The  diorite  is  undoubtedly  eruptive,  and  the  ore  found  entirely  in  t 
(copper  glance)  pinches  out  rapidly  in  depth.  Wendt  considers  it  i 
true  fissure  vein,  of  chimney-like  form,  dipping  almost  parallel  wit! 
the  contact  of  diorite  and  limestone,  and  pitching  45^  S.     Timbering 

is  done  by  square  sell 
(12  X  12  in.),  and  ded 
work  is  minimised.  TiM 
mine  is  illustrated  in  Fi^ 
116:  a,  ore;  &, limestonej 
e,  diorite;  d,  incline  shaft 
c,  levels. 

The  Black  Coppfl 
group  of  veins  occur  in  i 
belt  of  gneiss  rock,  cut  b] 
a  dyke  of  diorite,  oooasioa 
ally  intersected  by  a  subse 
quent  in  trusion  of  trachytt 
The  gneiss  for  a  width  cj 
some  40  ft.  is  cut  by  iii 
Fio.  116.— GoPFEB  DEPosrrs,  Globe.  numerable  small  veins  aiM 

strings  of  copper-ore,  fol 
lowing  generally  the  strike  of  the  gneiss,  and  dipping,  a  little  fa8t«| 
than  that  rock,  towards  the  diorite  dyke  close  by.    The  shaft  sunk  ' 
the  gneiss,  shown  in  Fig.  117,  exhibits  the  system  of  veinlets 
clearly.    The  ore  in  the  shaft  and  on  the  surface  is  malachite  imd 
socolla.    The  widest  of  the  seams  is  only  2  in.,  and  the  whole 
forms  a  atockwerk  too  poor  to  pay  for  working.    Down  the  hill  from 
system  of  veins  or  stockwerk,  and  below  the  diorite  dyke,  a  vein  of 
is  found  lying  almost  horizontally  in  the  drift.    Analyses  prove  it 
be  a  typical  chrysocolla.     It  is  undoubtedly  of  secondary  origin,  al 
<lerived  from  the  veins  up  the  hill  near  the  diorite.     It  has  befl 
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itripped  in  a  number  of  places,  and  has  been  found,  by  cuts  sunk 
hrough  it,  to  have  a  thickness  of  4  ft.  of  pure  chrysocolla.  The  occur- 
•ence  is  remarkable,  as  showing  the  formation  of  a  bed  of  copper  ore 
n  very  recent  times,  and  in  the  wash.  In  Fig.  1 17,  a  is  the  shaft ;  6, 
rorface  copper ;  c,  diorite ;  d,  gneiss ;  e,  wash ;  /,  chrysocolla. 


Fio.  117. — Ck)PPEB  Depospts,  Black  Coppeb. 

Copper  Basin  is  a  region  of  cupriferous  impregnation  covering 
bout  40  acres,  and  geologically  simple.  The  foundation  rock  is 
>ar8e-grained  granite  and  gneiss,  with  soda-felspar  predominating ; 
lere  are  also  porphyritio  dykes  and  a  large  pyritiferous  quartz  vein, 
aperimposed  on  these  are  horizontal  beds  of  conglomerates,  breccias, 
id  sandjstones,  largely  consisting  of  fragments  of  the  plutonic  rocks, 
id  forming  repositories  for  copper  ores,  which  are  the  cementing 
igredient.  The  ores  are  azurite  and  malachite,  and  they  coat  the 
agments  of  rock  as  well  as  forming  the  matrix.  The  beds  are  3  to 
)ft.  thick,  and  yield  up  to  12  or  15  per  cent,  copper.  These  copper- 
^positions  are  clearly  the  result  *  of  the  gradual  percolation  of  copper 
lutioDs  (probably  sulphate)  passing  through  the  porous  sand-rock ; 
id  the  copper  carbonate  is  a  deposit  of  incrustation,  not  of  replace- 
ent,  for,  so  far  as  the  sandstones  and  the  conglomerates  have  in- 
lenced  the  deposition,  the  action  appears  to  have  been  mechanical 
ther  than  chemical.  The  surface,  rather  than  the  chemical  com- 
eition  of  the  strata,  appears  to  have  determined  the  deposition, 
ar  does  it  appear  that  the  copper  carbonate  has  replaced  any 
IcareouB  or  silicious  cement.  The  absence  of  a  cementing  material 
ems  to  have,  favoured  the  infiltration  and  distribution  of  the  cupri- 
rouB  solution,  which  may  have  been  gradually  concentrated  by 
aporation  on  the  surface  of  the  coarse  grains  of  rock.  Now  as  to 
e  source  of  such  extensive  depositions  of  copper.  The  granite 
low  the  cupriferous  beds,  and  throughout  the  copper  area,  is  very 
Qch  decomposed  and  softened.     Numerous  veinlets  and  thin  seams 

red  oxide  of  copper,  accompanied  by  malachite,  and  malachite 
^«eminated  in  small  nodular  or  concretionary  masses  not  much 
rger  than  kernels  of  maize,  occur  in  the  soft  ferruginous  clay  resulting 
)m  the  decay  of  the  granite.  These  little  button-like  discs  of  mala- 
ite  are  so  abundant  that  they  could  be  washed  out  with  profit  if 
iter  could  be  led  upon  the  ground.     Also  considerable  quantities 

•  W.  P.  Blake,  "Copper  Deposits  of  Copper  Basin,*'  Trans.  Araer.  Inst  Min. 
tpi.,  xvii.  479. 
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of  red  oxide  of  copper  in  tbin  sheets,  with  malachite  on  each  side;,  forn 
nmnerons  small  veinlets  (j^l  in.)  traversing  the  granite ;  the  ni 
oxide  is  in  the  middle  and  the  malachite  on  each  side  next  to 
granite  walls,  and  the  central  oxide  is  sometimes  replaced  by  solpl 
At  Copperopolis,  Califomia,  laige  beds  of  copper  pyrites  are  1< 
in  Jurassic  slates,  showing  no  trace  of  gold  or  eolver.    At  Spencei 
a  vein  230  ft.  long,  40  ft  wide,  and  worked  to  150  ft.  deep,  oocari 
diabase  near  its  contact  with  granite.    The  Tiptop  mine  is  on  a 
of  parallel  faults  in  qnartz-porphyry ;  the  ore  was  much  oi 
(iron)  at  surface,  and  carried  80  oz.  silver  per  ton,  but  at  80  ft. 
entirely  copper  pyrites  and  silicious  rock  low  in  silver,  with 
times  masses  of  native  sulphur. 

In  Moleje,  Lower  Califomia,  extensive  deposits  oocnf  in  rock  ( 
very  recent  origin,  overlying  a  bed  of  trachyte  of  unknown  depti 
While  the  ore-beds  extend  over  a  very  large  territory,  the  valuaU 
portions  cover  a  comparatively  limited  area,  and  the  pay-ore  oocutb  i 
shutes  or  chimneys  in  the  beds,  having  a  width  of  75  to  150  fL,aQd 
general  N.W.-^.E.  course.     The  stratum  carrying  the  ore  is  a  sd 
ferruginous  clay,  mixed  in  many  places  with  oxide  of  manganese,  ai^ 
in  others  intersected  in  every  possible  direction  by  small  seams  k 
gypsum.    The  foot-wall  or  floor  of  the  different  ore-beds  is  always 
conglomerate.     The  hanging-wall  or  roof  is  either  day  or  soaj 
or  more  generally  a  mixture  of  both,  which  readily  crumbles 
exposed  to  the  air.    The  ores  differ  very  widely  in  composition 
appearance ;  in  fact,  a  great  many  of  the  ores  have  not  the  charac 
istic  appearance  of  ore  at  all,  but  look  like  yellow  clay.     True  copi 
ores  varying  from  copper  glance  to  green  and  blue  carbonates 
however,  occur.    Malachite  forms  the  bulk  of  the  ore;  and  wad 
cupriferous  oxide  of  manganese  occurs  in  the  next  largest  qnantil 
The  thickness  of  the  ore-beds  varies  considerably,  from  a  mere 
to  3  ft. 

At  Oilpin  county,  Colorado,  occur  veins  of  pyrite  and  chaloopyTil 
following  the  cleavage  joints  of  the  gneiss  (or  granite),  and  re^ 
the  country  rock  on  each  side  of  them ;  they  are  highly  aimf< 
and  worked  primarily  for  gold,  the  concentrates  from  the  stamj 
being  afterwsurds  treated  for  copper. 

At  St.  Qenevieve,  Missouri,  large  beds  of  chalcopyrite 
with  chert  occur  in  magnesian  limestone  of  Lower  SUurian  age. 
In  Tintic  District,  Utah,  three  great  ore  belts  occur  in  vc 
beds  of  magnesian  limestone,  apparently  deposited  along  the  bedi 
planes,  though  often  cutting  across  them ;  the  productive  a 
irregular  in  size,  diape  and  frequency.     (See  Silver.) 

Deposits  at  the  contact  between  Triassic  sandstone  and 
seem  to  be  always  lacking  industrial  value,  and  the  same 
would  seem  to  apply  to  contact  beds  with  gneiss  and  schistose  rod 
reple^dng  the  diabase. 

Treatment. — Hardly  any  copper  ores  raised  now-a-days  are  so  ric 
as  to  be  at  once  treated  for  the  extraction  of  the  metal,  and  all  hai 
to  undergo  a  preliminary  enriching  process  by  removal  of  waste. 

Concentration. — The  character  of  the  ore  determines  the  metlio 
and  degree  of  concentration  needed. 
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Hand  sorting  is  simple  and  effective  but  rarely  applicable.  At 
Vigsnaes  it  is  adopted,  boys  being  employed  to  separate  the  ore  as 
raised  into  three  grades :— -(o)  Clean  lump  pyrites,  carrying  2-2^  per 
cent,  copper ;  (6)  pyrites  mixed  with  waste ;  (c)  waste. 

Crashing  ordinarily  has  to  be  resorted  to  in  the  first  place  to 
prepare  the  mineral  for  separation,  and  should  be  so  adjusted  that  the 
requisite  fineness  is  attained  but  not  exceeded.  Breakers  and  rolls 
^dry)  are  generally  employed,  though  fine  reduction  with  stamps  is 
often  used  on  sulphides,  but  would  produce  too  much  slime  with  the 
wfter  (oxidised)  ores. 

Dry  winnowing  or  "dousting"  is  useful  where  the  ore  is  more 
*riable  than  the  gangue,  e.g.  the  chalcopyrite  and  erubescite  at  the 
3ape  copper-mines,  Namaqualand.  The  ore  is  first  cobbed  and  classed 
nto  (a)  prile,  (6)  best  dredge,  and  (c)  crusher  dredge ;  a  is  finished 
product;  c  is  crushed,  jigged,  and  huddled;  6  is  dousted,  or,  after 
Cueing  in  rolls  to  8-mesh,  dry-sifted  in  fine  mesh  hand  sieyes, 
thereby  the  bulk  of  the  ore  is  separated  as  fine  powder,  the  coarser 
^due  being  subsequently  re-crashed,  jigged,  and  huddled.  About 
>ne-third  of  the  700  tons  monthly  of  30  per  cent,  ore  there  produced 
B  thus  obtained. 

Wet  concentration  embraces  sizing  in  trommels  and  hydraulic 
eparators,  jigging,  huddling,  vanning,  (&c.  In  Japan,  hand  washing 
n  wooden  bowls  by  women  at  3^.  a  day  is  found  cheaper  and  more 
borough  than  machine  work,  but  of  limited  capacity. 

At  the  Lake  mines  the  pmcess  followed  is  briefly  this.  Dressing 
eally  commences  underground.  On  reaching  surface,  the  ore  is 
lumped  on  to  grizzles  or  gratinu;8  lying  at  45°,  the  bars  of  1^  in.  iron 
leing  4-6  in.  apart.  The  portion  falling  through  goes  to  the  stamp 
fins;  that  passing  over  is  hand-fed  into  a  14^  in.  Blake.  Lump 
opper  when  encountered  must  be  picked  out  before  entering  the 
freakers.  The  stamps  are  fed  automatically  by  a  shaking  tray, 
rhich,  however,  requires  constant  supervision.  The  annexed  figures 
ompare  results  at  throe  of  the  important  Lake  mills : — 


rumber  of  stamps 
"attem  of  stamp  . 
'(xmdations  .. 


LP.  per  stam^  about 

'  ore©  of  blow  in  foot-tons,  about 
'ons  cmsbed  per  day  per  stamp 

Jharaeter  of  rock 

V'ater  ttted  per  ton       

Mfeofahoe 


Jfe  of  screen,  about 
Ibaracter  of  screen 


Atlantic. 


5 

Bull 

Solid  nnd 

spring. 

140 

21 

210 

Amygdaloid 

7200  gal. 

3000  tons 

or  14}  days 

8820  tons, 

or  42  days 

4  cast  steel 

plates,  9^  X  48 

in,  X  Mo.  11; 

slot  holes 

^  in.  long. 


Tamarack. 


5 
Allis 
Solid 


21-4 

300 

Conglomerate 

35-40  tons 

3-4  days  worn 

from  700-200  lb. 

3-5  weeks 

4  plates  steel 

9  X  25  X  A 

in. ;  A  in. 

punched  holes 


Calumet  and 
HecU. 


22 

Leayitt 

Solid 

150 
20 

Gonglomerute 

5-6  days 

1  month 

Steel  plates ; 

Tff  in- 
round  holes 
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Three  patterns  of  steam  stamps  are  used  at  the  present  time— -tl 
Ball,  the  Leavitt,  and  the  AUis,  the  first  being  the  old^t  Tl 
character  of  the  rock  from  the  different  mines  varies  so  much  Uh 
unless  there  were  various  stamps  in  the  same  mill,  and  working  t 
the  same  rocks,  a  comparison  would  be  valueless.  The  capacity  4 
the  steam  stamps  is  enormous,  and  the  amount  of  water  required  1 
remove  the  crushed  rock  from  the  mortar  is  also  very  large. 

The  rock  is  crushed  to  pHss  holes  varying  in  diameter  from  ^\  i 
to  -f^  in.,  depending  upon  the  character  of  the  rock  under  treatmen 
Crushing  thus  fine  does  not  liberate  all  the  copper  from  its  gangii 
In  fact,  it  would  be  almost  impossible  to  crush  the  conglomerate  & 
enough  to  do  so.  The  size  of  the  opening  in  the  screens  used  at  U 
various  mills  has  been  determined  by  experiment  to  be  the  mo 
economical  for  that  particular  ore.  Crushing  finer  would,  of  ooun 
decrease  the  capacity  of  the  stamp,  hence  it  is  best  to  use  as  coarse 
sci-een  as  the  ore  will  permit.  The  copper  that  yet  remains  attach* 
to  particles  of  rock  is  not  lost.  A  large  portion  of  this  materii 
calif  d  the  ragging,  is  caught  on  the  jigs  and  either  returned  to  ti 
stamps  or  treated  in  some  grinding  machine. 

The  wear  of  the  shoes,  made  of  chilled  cast  iron,  though  it  appea 
very  rapid,  is  actually  very  small  when  compared  with  the  amount 
work  done  by  them. 

As  the  ore  passes  through  the  screens  of  the  stamp  it  is  coUecti 
by  a  splashbox,  and  drops  into  a  launder  leading  to  the  separatoi 
I'his  launder  divides  the  ore  stream  into  3  equal  portions,  one  beix 
delivered  to  e^ach  of  the  separators.  The  separator  at  the  Atland 
mill  consists  of  a  V  trotigh  about  15  ft.  long,  18  in.  wide  and  18  b 
deep.  Near  the  bottom,  and  at  the  front  of  each  separator,  are  4  snJ 
pipes  discharging  upon  the  screens  of  4  jigs  just  opposite  them.  1 
the  axis  of  the  separator  and  opposite  to  each  outlet  is  a  vertical  l^i 
pipe,  supplied  with  water  from  above  and  opening  downward  abw 
2  in.  from  the  bottom  of  the  separator.  Between  each  of  these  ]iip 
lies  a  bed  of  copper,  deposited  in  the  regular  working,  and  allowed 
remain  there.  As  the  ore  enters  the  separator  it  passes  over  tha 
beds  of  copper,  coming  successively  in  contact  with  the  rising  curren 
generated  by  the  supply  pipes  mentioned.  The  head  of  water  in  e»« 
successive  pipe  is  less,  so  that  the  heavy  particles  of  o<>pper  m 
gangae  will  fall  into  the  cavity  around  the  first,  and  pass  thronji 
the  small  opening  in  the  front  and  spread  themselves  upon  ti 
roughing  jig.  In  the  second  cavity  less  heavy  particles  will  fall ;  i 
the  third,  still  smaller  grains.  The  ore  which  passes  the  fouri 
division  of  the  separator  is  classed  as  slime,  and  goes  to  the  settlin 
tanks.  The  separation  is  very  incomplete.  Following  each  separate 
are  4  roughing  jigs,  each  having  2  screens;  thus  the  ore  from  eac 
separator  is  treated  from  a  set  of  8  screens,  each  set  doing  exactiy  tl 
same  work.  The  hutch -work  from  the  roughing  jigs  passes  to  1 
finishing  jigs,  placed  at  a  lower  level,  all  of  which  do  different  work 

The  product  may  generally  be  classified  as  50  per  cent  coan 
(over  ^  in.)  sand,  15  medium,  10  fine,  and  25  slimes. 

The  Anaconda  mill,  Montana  (capacity  3000  tons  a  day),  uk 
14  steam  stamps.     The  concentrating  plant  is  in  a  building  262  ft  ) 
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36  ft.,  Bteam-heated  by  150  h.p.  boilers ;  it  consists  of  two  20  X  10  in. 
md  four  10  x  7  in.  breakers,  and  three  sets  of  26  x  15  in.  rolls.  The 
)ulp  is  concentrated  on  Collom  jigs,  the  middlings  are  re-crushed  in 
uUs,  the  fines  are  dressed  on  double  buddies  16  ft.  diam.,  and  the 
limes  go  to  Frue  vanners. 

Solution. — Wet  methods  of  extracting  copper  are  applicable 
^-hen : — 

(a)  The  percentage  of  metal  is  very  low. 

(6)  Injurious  impurities  (as  antimony  and  arsenic)  are  present. 

ic)  Associated  metals  would  be  lost  by  smelting. 

(a)  Dissolving  and  precipitating  agents  are  obtainable  at  low 
ost. 

The  first  step  \a  oxidation,  unless  the  ore  is  alreadj'  a  carbonate  or 
xide.  In  its  simplest  form,  this  consists  in  exposing  the  raw 
yritous  ore  in  a  moist  state  to  the  influence  of  the  air,  and  is  often 
astened  by  pumping  water  with  some  force  (thus  carrying  entrapped 
ir)  into  the  ore  heaps.  But  the  process  requires  years  for  it^com- 
letion  with  most  ores.  Considerable  copper  is  recovered  from  mine 
raters  in  which  the  operation  has  taken  plaoe  naturally,  the  copper 
ontents  varying  from  '08  to  50  gr.  per  gal.  in  cases  where  they  are 
tilised.*  Such  waters  are  well  adapted  for  moistening  ore  heaps, 
ometimes  about  1  per  cent,  of  salt  is  added  to  the  heaps,  to  hasten 
xidation,  render  the  copper  more  holuble,  and  chloridise  small  traces 
f  silver ;  heat  aids  the  operation  very  much.  Adding  manganese 
xide  is  a  doubtful  benefit.  Occasionally  acid  liquors  may  be  used  on 
arbonate  and  oxide  ores  contained  in  rook  not  attacked  by  the  solvent, 
nd  where  the  acid  is  a  waste  product  or  very  cheap,  e.  g.  as  recom- 
lended  by  Blake  at  Copper  Basin,  Arizona. 

Oxidation  by  heat  T"  burning  ")  is  much  more  rapid,  and  is  appli- 
able  to  ores  rich  in  sulphur  and  poor  in  copper,  the  sulphur  forming 
he  fuel.  It  is  done  in  two  distinct  ways — (a)  in  kilns,  with  the 
bject  of  utilising  the  sulphurous  acid  generated,  the  **  cinders  '*  being 
fterward«  treated  for  their  copper;  (6)  in  open-air  heaps  or  telercis 
8  at  Bio  Tiuto,  by  which  much  SO2  is  wasted  and  creates  a  nuisance. 
"he  telera  consists  of  rude  stone  flues  built  on  the  ground,  15-18  in. 
jgh,  12—15  in.  wide,  extending  to  stone  chimneys  at  their  inter- 
tx^tions,  and  covered  loosely  with  flat  stones.  Upon  these  are  piled 
amps  of  pyrites  progressively  decreasing  in  size  as  the  height  grows, 
111  at  12-15  ft.  the  heap  is  coated  with  a  layer  of  smalls.  Ignition 
*  produced  by  lighting  brushwood  and  logs  in  the  flues,  and  com- 
ujstion  proceeds  for  6-12  months.  A  single  telera  may  contain  800* 
3  1500  tons.  The  cost  of  the  operation  ranges  between  Is.  3d.  and 
Iff.  a  ton,  and  the  product  is  a  mixture  of  copper  and  iron  sulphates, 
rbich  are  extracted  by  washing  either  in  the  mass  or  in  tanks.  By 
he  latter  method,  f  of  the  metal  in  a  2^  per  cent  ore  can  be  recovered 
t  once  and  the  bulk  of  the  rest  by  repeated  washings  at  yearly 
utervals. 

Maidenpec  (Servia)  ores  are  too  small,  and  contain  too  much 

•  The  most  important  contribution  to  recent  literature  is  a  paper  by  J.  H. 
>ollms  on  "  Economic  Treatment  of  Low-gnuie  Copper  Ores,"  in  Trana.  Inni.  Min. 
ad  Met,  ii.  5. 
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silica  and  too  little  sulpliQr  for  the  Xdera  method,  but  by  mtldnf 
briquettes,  duly  dried  and  hardened,  they  can  be  burned  in  900  ta 
heaps,  though  consuming  more  fuel  and  taking  more  time. 

Open-air  burning  is  only  applicable  to  ores  containing  a  limited 
proportion  of  fines,  but  little  ridi  sulphide  (as  ohalcopyiite),  not  unda 
20  per  cent,  sulphur,  and  not  over  20  per  cent,  silica. 

Chemical  methods  of  hastening  oxidation  have  received  mud 
attention,  being  led  up  to  by  observing  that  ferric  liquors  obtains 
by  washing  burned  ore  aid  in  oxidising  and  rendering  8<iluble  tii 
copper  in  raw  ores,  on  prolonged  or  repeated  contact. 

The  Joly  (Doetsch)  process  aimed  at  replacing  the  ferric  liqno 
from  burned  ore  by  (a)  calcined  sulphate  of  iron,  (&)  by  saturBtiiu 
spent  liquor  from  copper  tanks  with  condensed  fumes  of  roasted  sal 
and  iron  sulphate,  or  (c)  bv  the  same  operation,  only  adding  man^ 
nese  peroxide  to  the  roasr,  the  two  latter  modifications  being  designs 
(with  small  success)  to  generate  chlorine.  In  its  simple  form  tlu 
method  is  now  much  used  at  Rio  Tinto,  though  the  action  of  tfa 
liquor  is  very  slow. 

Roasting  with  addition  of  chemicals  (chiefly  salt)  is  best  illoii 
trated  by  the  Longmaid  (Henderson)  method,  which  is  applicable  t 
very  silicious  (90  per  cent,  even,  when  crushed  to  ^  in.  or  lees)  ort 
and  to  chalcopyrite.  It  has  been  used  in  Cornwall  on  ore  containinj 
much  sulphur,  silica,  and  iron,  besides  1^  per  cent,  copper  and  9  pe 
cent,  arsenic,  with  9  lb.  tin,  5  oz.  silver,  and  a  few  gr.  gold  per  toi 
This  ore  required  a  preliminary  oxidising  roast  (in  reverberatory  9 
Oxiand  calciner)  to  remove  mont  of  the  sulphur  and  all  the  arseni( 
the  latter  being  condensed  and  caught  in  flues  (see  p.  158).  For  tb 
second  roast,  10-12  per  cent,  salt  is  added,  whereby  any  remainiDj 
sulphur  becomes  soda  sulphate,  and  the  copper,  gold  and  silver  ai 
sume  the  form  of  chlorides  (easily  soluble),  the  solutions  becominj 
very  concentrated  in  due  course,  and  allowing  the  precious  metals  t 
be  recovered  before  the  oopper  is  thrown  down,  while  the  tin  \ 
separated  from  the  solid  residues  left  by  the  chloride  solution. 

The  Hunt-Douglas  process,  successfully  employed  in  America  0 
low  grade  ores,  has  gone  through  three  stages.  In  its  earliest  fbra 
patented  in  1869,  ferrous  chloride  is  dissolved  in  strong  brine,  and  b 
its  action  nith  cupric  oxide  gives  rise  to  a  mixture  of  cnpric  an 
cuprous  chlorides,  the  latter,  though  nearly  insoluble  in  water,  bein 
held  dissolved  by  the  sodium  chloride.  The  dissolved  iron  is  sepi 
rated  as  hydrous  ferric  oxide,  retaining  a  small  portion  of  fern 
chloride.  To  prevent  loss  of  chlorine,  the  use  of  sulphurous  acid  t 
reduce  and  dissolve  this  iron  oxychloride  was  propoised,  but  it  wi 
found  in  practice  with  roasted  sulphuretted  ores  that  the  ferro* 
salt  formed  in  the  reduction  by  metallic  iron  of  the  cupric  sulphu^ 
thus  obtained  renders  unnecessary  the  use  of  sulphurous  acid.  % 
this  method  with  ferrous  chloride,  the  resulting  solution  being  neutiv 
absence  of  arsenic  is  ensured.  Any  silver  contained  in  the  ores  i 
chloridised  by  the  acti(m  of  the  copper  salts,  and  made  soluble  in  tb 
bath  of  sodium  chloride,  from  which,  however,  its  separation  preeeDt 
considerable  difficulties,  precipitation  of  silver  by  metallic  copper  ii 
presence  of  chlorides  requiring  that  the  whole  of  the  dissolved  ooppJ 
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treeent  sbould  be  in  the  cnprotis  form.  For  the  rest,  the  copper  is 
ery  readily  precipitated  from  these  solutions  by  metallic  iron,  with 
tincb  reduced  consumption  of  iron. 

In  the  second  form,  heginning  with  a  neutral  solution  of  copper 
ulpbate,  there  is  added  so  mu(£  of  common  salt  or  other  soluble 
hloride  as  will  serve  to  convert  the  copper  present  into  cuprous  chlo- 
ide  f58'6  parts  sodium  chloride  to  63*4  copper).  Through  the 
lear,  hot  solution  is  drawn  or  driven  sulphurous  acid  gas,  cot  from 
oasting  sulphiuretted  ores,  which  serves  to  convert  the  dissolved 
opper  into  insoluble  cuprous  chloride,  with  liberation  of  the  previ- 
iiftly  combined  sulphuric  acid,  and  the  generation  of  half  as  much 
lore  of  the  same  acid  by  oxidation  of  the  absorbed  sulphurous  gas. 
'be  dear  acid  liquid  drawn  from  the  cuprous  chloride  is  then  satu- 
ftted  with  copper  from  oxidised  ores,  and  the  precipitation  by 
alpbnroas  gas  is  repeated  indefinitely.  The  insoluble  cuprous 
hloride  obtained  in  this  process  may  be  either  reduced  to  the 
letallic  state  by  iron,  under  water,  or  decomposed  by  milk  of  lime 
rith  formation  of  cuprous  oxide  and  calcium  chloride ;  the  resulting 
hlorides  in  either  case  serving  for  the  chloridation  of  the  further 
ortions  of  dissolved  copper.  By  the  use  of  a  solvent  containing 
nly  small  portions  of  soluble  chloride,  any  silver  present  in  the  ores 
\  cbloridised,  but  remains  undissolved  in  the  residue,  and  may  be 
xtracted  by  solution,  by  amalgamation,  or  by  smelting ;  whereas,  in 
be  first  process  it  is  held  in  solution,  though,  from  the  presence  of 
be  two  copper  chlorides,  it  cannot  be  readOy  separated  either  as 
)dide  or  in  the  metallic  state.  It  should  be  farther  said  that  by  the 
ae  of  an  acid  solvent  for  the  copper  oxide  in  the  second  process  there 
t  incurred  the  risk  of  brining  arsenic  into  solution  should  this  be 
iresent  in  large  quantities  m  uie  ore. 

To  meet  uiese  difiSculties  a  third  form  has  been  patented.  By 
ttacking  the  oxidised  copper  ores  with  a  solution  of  common  salt  and 
errons  chloride,  the  latter  is  decomposed,  and  the  resulting  clear  and 
leufcral' solution,  separated  from  ferric  oxide,  but  containing  cupric 
Ad  cuprous  chlorides,  is  next  treated  with  sulphurous  acid  gas  to 
covert  the  former  into  cuprous  chloride  with  separation  of  free  acid, 
from  such  an  acid  cuprous  solution  any  silver  present  is  readily  and 
CHupletely  separated  by  metallic  copper,  after  which  the  whole  or 
nearly  the  whole  of  the  dissolved  copper  may  be  precipitated  by 
aetallic  iron,  care  being  taken  to  arrest  the  process  before  the  free 
icid  begins  to  attack  the  iron.  In  this  way  a  solution  is  obtained 
ontainiug,  besides  the  regenerated  ferrous  chloride,  a  considerable 
ODOunt  of  acid.  This  solution  is  used  to  attack  a  fresh  portion  of 
oddised  copper  ore,  which  first  neutralises  the  acid,  and  then  decom- 
>oees  the  ferrous  chloride,  the  ferric  oxide  from  which  carries  down 
aiy  arsenic  that  may  have  been  previously  dissolved  by  the  acid, 
rhe  neutral  solution  of  the  copper  salts  thus  obtained  is  then  again 
;reated  with  sulphurous  acid,  and  the  steps,  as  above  described,  are 
repeated  indefinitely.  A  necessary  condition  is  a  cheap  source  of  bul- 
phurous  acid.  The  copper  produced  is  very  pure  and  the  consump- 
tioD  of  iron  is  small. 

When  oxidation  is  accomplished  by  burning,  the  next  step  is  to 
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wash  out  the  soluble  copper  salts.  This  is  often  done  in  a  nmgli  wi| 
by  watering  the  ore  piles,  but  mucli  more  efficiently  and  satisfBictanlj 
by  proper  washing  in  tanks.    At  Bio  Tinto  the  ore  as  fast  as  ~ 

and  while  still  warm,  is  conveyed  by  tip  wagons  to  rongh  i 

tanks,  cemented  and  asphalted  inside,  measuring  30  ft.  long,  8 
wide,  and  3  ft.  deep,  and  provided  with  a  false  bottom  of  rougl 
planks,  between  which  the  liquors  can  escape  to  small  partitions  ii 
the  comers,  famished  with  pegged  holes  at  various  levels.  The  ~ 
wash  water  is  left  on  for  24  hours,  and  is  followed  by  others,  up  to 
or  10  sometimes,  at  12-hour  intervals,  the  whole  operation  oooup; 
7  or  8  days.  The  liquors  vary  in  strength  and  may  contain  1 
250  gr.  copper  per  gal.  Weak  liquors  are  used  instead  of  clean  wai 
for  washing  new  charges.  The  extraction  is  about  60  per  ceni 
Spent  solutions  (after  precipitation  of  the  copper)  are  sometimes 
for  further  washings ;  at  Maidenpec  they  are  occasionally 
rated "  by  blowing  in  air,  which  precipitates  enough  iron  pei 
(ochre  for  paint-making)  to  cover  the  cost.  The  consumption 
water  is  in  any  case  large — often  10  tons  per  ton  of  ore,  or  600  toi 
per  ton  of  copper  produced — but  far  less  than  in  the  Lake  mills  f< 
mechanical  concentration.  I 

Precipitation. — ^The  precipitation  (cementation)  of  the  dissolve 
copper  is  almost  everywhere  effected  by  iron.     In  the  earliest  tim^ 
old  scrap  iron  was  used,  because  it  was  cheap  and  produced  a  dean  pre 
cipitate ;  but  this  has  been  superseded  by  pig  iron,  especially  on  aooomi 
of  the  rapid  wasting  of  scrap  by  rust  when  exposed  to  the  atmoapben 
The  metallic  iron  being  alone  useful  (all  the  impurities  in  the  pi 
lowering  the  standard  of  the  copper  produced)  onlv  good  qualities  ( 
pig  iron  should  be  employed,  graphite,  silica  (sand),  arsenic,  phosph( 
rus,  d^c,  should  in  no  case  exceed  together  6  to  8  per  oent.  Li  Spania 
practice  it  has  been  found  that  open-grained  No.  3  grey  develan 
pig  gives  very  satisfactor^r  results,  better  even  than  iron  made  i 
BUbao  from  ores  of  a  superior  quality ;  pigs  should  be  free  fVom  saa 
and  either  be  cast  in  half-size  or  be  broken  in  two  before  use,  so  as ' 
facilitate  handling  by  a  single  man,  and  increase  the  exposed  surft 
for  the  deposition  of  the  copper.    A  very  large  proportion  of  the  in 
used  for  precipitation  is  wasted.    Theoretically,  100  tons  of  cop] 
should  not  consume  more  than  88  tons  of  iron ;  while  in  the  I 
practice  each  ton  of  copper  consumes  for  its  precipitation  1^1| 
iron,  and  in  most  mines  quantities  varying  from  2  to  3  tons  of  ir 
per  ton  of  ea%cara  or  precipitate  are  consumed.     This  loss  is  due 
the  excess  of  ferric  salts  or  acids  in  the  liquors  when  they  reaoh 
iron  in  the  tanks  or  canals ;  it  can  be  remedied  to  great  extent 
application  of  sulphurous  acid  vapours  to  the  liquors  of  lixiviati< 
or  by  the  action  of  lime  or  limestone  previous  to  their  entrance  u 
the  precipitating  plant,  always  remembering  that  the  liquors  mi 
be  auowed  a  slight  acidity,  without  which  precipitation  and  loss 
copper  would  take  plaoe. 

Two  conditions  specially  favour  precipitation :  (a)  the  action 
heat,  which  increases  production  and  hastens  the  operation ;  (6)  '' 
the  copper  liquors  be  run  with  speed  over  the  iron,  which  is 
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ected  by  giving  a  steep  inoline  to  the  canals  in  which  the  iron  is 
arged.  The  actinic  action  of  the  sun  is  also  beneficial.  The  length 
the  precipitating  canals  mnst  be  such  that  the  liquors  escaping 
«n  the  lower  end  shall  be  practically  free  from  copper.  The  pre- 
)itate  obtained  from  the  upper  portion  of  the  canals,  near  their 
let,  is  much  cleaner  and  purer  than  what  follows,  while  as  the  out- 
is  neared  the  cascara  is  found  to  be  much  mixed,  and  coated  with 
dc  salts  of  iron,  arsenic,  &c.  It  is  advantageous  to  collect  the 
alities  separately.  The  precipil|ate  should  be  frequently  and  regu- 
ly  collected,  so  as  to  offer  fresh  $urfaces  of  iron  to  the  action  of  the 
pper  liquors.  All  the  precipitate  must  be  fully  and  carefully 
kshed  in  special  apparatus  as  soon  as  gathered  ;  and  as  rapidly  as 
Bsible  afterwards  it  must  be  carried  to  artificially  heated  drying 
018,  so  as  to  avoid  the  alteration  of  the  metallic  copper  into  various 
ts  of  copper  by  the  action  of  air  and  moisture.  When  dry  and 
>],  the  granular  copper  is  put  into  bags,  while  the  flake  copper  is 
M)ed  in  separate  sacks,  all  kept  under  shelter  till  marketed. 
The  quality  of  the  precipitate  produced  at  Bio  Tinto  is :  1st  class, 
-95  per  cent,  copper ;  2na,  74-78 ;  3rd,  over  60. 
The  whole  cost  of  the  cementation  processes  in  Spain,  including 
I  wasteful  consumption  of  1 '  78  of  iron  for  1  of  copper,  is  : — 


Gonsamptionof  iroD,  1*78 675*48 

Wages      104-84 

Storas       9-99 

LooomotiTe  serrioe 8*27 

Maintenance  of  railroads      1*73 

Bepairs 63-63 

Add :  for  salt  for  lixiTiatlon  and  various  other  items  60  *  00 


918-94 


as  is  equal  to  9Z.  2s.  7(2.  per  ton  of  fine  copper.    If  to  this  sum  we 

i  hi  3s.  for  the  expenses  of  lixiviation,  we  have  for  the  total  cost  in 

ain  of  a  ton  of  fine  copper,  by  treating  pyritous  ores  holding  0*6  to 

Sper  cent,  copper  (exclusive  of  the  cost  of  mining),  142.  6s.  7d,  The 

t  total  cost  has  to  be  increased  by  the  amount  of  the  cost  of  the  ore 

ivered  to  the  lixiviation  groxmd,  administration,  freights,  insurance, 

•    These  items  vary  greatly,  but  Deby  states  that  one  of  the  prin- 

«1  mines  in  the  province  of  Huelva  makes  copper  at  the  mines  at  a 

t  of  212.  7s.  per  ton  of  fine  metal.     The  proauction  of  pig-iron  in 

i  midst  of  the  oopper  region  firom  native  ores  will  lead  to  a  further 

rering  of  cost. 

it  Maidenpec  special  precautions  are  taken  to  obtain  a  good  pre- 

ite  (92  per  cent,  copper)  by  working  the  solutions  at  a  tempera- 

below  66^    F.,  keeping  tiie  tanks  covered,  and  stopping  the 

pitation   before  the   s<Sutions  are  fully  exhausted,  the  spent 

ions  being  used  over  and  over  again  for  washing  the  *'  roast." 

cost  of  plant  and  erections  for  treating  10,000  tons  of  ore  per 

m  is  given  *  at  40002.,  the  wood,  stone,  and  lime  being  obtained 

*  Brenton  Symona 

2  F  2 
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on  the  oompany's  property.    The  coet  of  treating  the  ore  is  givoi 
follows : — 

Mining  cost  per  ton 2  10 

Transport 1  10 

Bednction  chftrges      1  II 

Admiuifltration 2    0 

Total        8    7 

Beckoning  on  obtaining  1^  per  oent.  oopper  (from  ore  averagi] 
about  2  per  cent.),  the  cost  of  the  oopper  is  about  852.  per  ton ;  7\  \ 
cent,  ore  yielding  about  Ij^  per  cent,  direct,  and  the  remainder  at  t 
rate  of  - 1  per  cent,  per  annum,  can  be  worked  to  yield  copper  at  abo 
the  same  cost. 

At  Gopperopolis,  California,  the  saturated  leach  waters  are  a 
veyed  to  tanks,  from  which  they  are  charg^ed  into  a  large  reTolTX 
drum,  holding  1 6,000  gaL  at  a  cnarge,  making  about  6  rev.  a  mimr 
With  the  liquor  a  certain  amount  of  scrap  sheet  iron  is  charged ;  tJ 
scrap  is  obtained  in  San  Francisco  and  laid  down  at  the  works  i 
about  20  doL  (4Z.)  per  ton.  The  drum  is  supplied  with  automatio  vali 
in  the  end,  to  allow  of  the  escape  of  the  hydro^n  gas  formed.  Af) 
a  sufficient  length  of  time,  which  depends  on  tbe  degree  of  satarsti 
of  the  copper  solution,  the  manholes  of  the  drum  are  opened,  and  tl 
mass  is  discharged  through  wire  screens  placed  over  them  into  tan! 
immediately  bdow,  the  scrap  iron  being  detained  on  the  screei 
From  the  tanks,  the  cement  copper  that  had  formed  in  the  drum,  aft 
settling,  is  shovelled  on  to  heated  drying  floors,  and  stirred  till  t| 
moisture  is  evaporated,  when  it  is  sacked  and  shipped.  The  sm^ 
are  double  for  this  purpose,  the  inner  sack  being  made  of  bm^ 
muslin. 

Sulphuretted  hydrogen  has  been  used  to  precipitate  oopper 
sulphide,  but  has  many  disadvantages.  Lime  (as  a  cream)  has  I 
employed  where  the  precipitate  is  required  for  fluxing,  aacid  lim 
cheap ;  but  this  precipitate  is  rendered  very  low  in  copper  by  li 
admixtures  of  lime  and  iron  salts.  Electrolytic  deposition  offers  m 
advantages,  and  is  applied  in  refining  and  on  ores  which  have  1] 
first  smelted  to  a  matte ;  but  the  cost  of  installation  and  neeJ 
enormous  power  preclude  at  present  its  direct  application  to  any  1 
rich  ores. 

Smelting. — ^In  some  cases  both  ooncentration  of  the  oopper 
recovery  of  bye-products  are  better  accomplished  by  raw  smel 
than  by  wet  treatment.   With  sulphides  a  preliminary  desulphurii 
operation  is  introduced,  indiscriminately  termed  ''^cinatKHi" 
**  roasting.*' 

Heap-roastine  is  the  cheapest  way  of  dealing  with  pyritous  < 
and  can  be  used  for  ores  carrying  onlv  15  per  cent,  sulphur  by  pla( 
abundance  of  wood  under  the  pile,  and  even  8  per  cent,  by  mixing  \k 
sawdust,  &c.,  with  the  ore.  The  chief  drawbacks  are  (a)  the  slowi 
of  the  process  where  the  value  of  the  copper  must  be  tied  up  for  1 
months ;  (h)  owing  to  the  great  size  of  the  heaps,  it  must  be  oal 
on  out  of  doors,  whereby  much  copper  is  lost  by  leaching,  by  blot 
away  in  fine  dust,  and  trampling  under  foot  while  loading  and 
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oading;  (e)  the  escape  of  the  sulpharons  fames  into  the  atmo- 
pbere  at  a  low  elevation  and  in  a  concentrated  form ;  (<2)  waste  of 
nlphnr. 

In  calcining  ores  containing  65  per  cent,  iron  pyrites,  a  convenient 
ixe  for  the  heaps  is  20  by  50  ft.  and  8  to  5  ft.  high.  A  pile  of  this 
ize,  containing  perhaps  250  tons,  lighted  on  the  leeward  side,  well 
OTered  with  fines,  and  carefully  watched,  will  bum  about  9  weeks 
nd  will  furnish  a  product  containing  6  to  10  percent,  sulphur.  Some 
reeks  before  the  burning  is  completed  in  the  very  heart  of  the  pile, 
vo-thirds  of  its  contents  can  be  removed  without  interfering  with 
be  process.  As  the  whole  advantage  of  heap-roasting  lies  in  its 
xtreme  cheapness  (l9.  6c{.  to  3«.  6(2.  a  ton),  every  precaution  should 
e  taken  to-  save  expense  in  handling  the  ore,  e.  g.  the  ore-car  from 
be  mine  or  dressing-house  can  be  brought  on  a  trestle  over  a  long 
ine  of  roast  heaps,  while  the  track  which  leads  to  the  furnaces  runs 
trallel  to  these  and  on  a  level  below  the  ground.  Shaping  and 
ring  the  pile  need  experience.  The  ore  should  be  broken  to  suitable 
ize,  hand  labour,  when  not  exceeding  2«.  per  ton,  beiug  preferable  to 
jaw-crusher,  owing  to  the  smaller  proportion  of  fines  produced — say 
2  per  cent,  as  against  20.  It  is  advantageous  to  pass  the  broken  ore 
ver  2  riddles,  thus  making  3  sizes :  the  largest,. constituting  perhaps 
0  per  cent,  of  the  whole,  should  be  dumped  directly  upon  the  wood, 
)nning  the  main  body  of  the  heap,  which  should  be  rectangular^  with 
traight  edges  and  square  comers ;  the  next  size,  called  *'  ragging," 
bout  20  per  cent.,  is  that  portion  which  has  been  separated  by  passing 
biOQgh  a  |-in.  riddle,  and  should  be  built  up  on  the  outside  of  the 
cap  with  great  care,  forming  a  layer  8  in.  thick  at  bottom,  and 
tpering  up  to  about  2  in.  at  top ;  the  remaining  10  per  cent,  coubists 
f  fines,  separated  from  the  *'  ragging  "  by  a  6-mesh  screen,  and  should 
e  transported  to  the  heap  and  arranged  in  piles  at  a  convenient 
boveUing  distance,  none  being  placed  upon  the  heap  until  the  wood 
A8  been  kindled,  and  the  strong  fumes  of  sulphurous  acid  show  that 
be  ore  is  thoroughly  ignited.  Then  the  lower  portion  of  the  pile  is 
Apidly  and  evenly  covered  with  the  fines,  leaving  the  top  still  exposed 
mtil  the  heat  becomes  so  great  as  to  warn  the  attendant  that  the 
entral  portion  of  the  ore  is  in  danger  of  melting.  The  top  is  then 
OTered  thinly,  and  for  the  first  few  days  careful  watching  is  required 
0  keep  the  combustion  regular  and  gradually  increase  the  protecting 
fcjer  uf  fines.  By  the  end  of  the  fourtii  day  the  pile  should  be  burning 
lowly  and  evenly,  smoking  slightly  from  its  entire  surface,  and  no 
totter  in  one  part  than  another.  From  this  time  until  the  process  is 
■omplete,  only  careful  watching  is  required ;  a  few  shovels  of  fines 
cattered  in  one  place  or  another,  as  the  draught  may  indicate,  com- 
ttises  all  the  labour  necessary  for  roasting  200-300  tons  of  ore. 
^bont  ^j^  cord  of  wood  and  \  day's  labour  per  ton  of  ore  will  build 
uid  bum  the  heap  and  load  the  roasted  ore  into  cars  ready  for  the 
melter. 

To  roast  matte  in  heaps  calls  for  some  slight  modifications.  Owing 
^  tbe  extreme  fusibility  of  this  material,  and  the  large  amount  of 
^pper  tied  up,  the  heaps  contain  only  30  to  40  tons.  As  matte  con- 
^^  much  less  sulphur  than  ore,  it  is  necessary  to  use  a  thicker  bed 
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of  wood,  and  after  the  first  burning,  which  should  be  completed  i 
5  days,  the  pile  should  be  turned  on  to  a  new  layer  of  wood,  breakin 
all  the  clinkers  to  egg  size  again,  and  piling  the  ontside  of  the  hea] 
which  will  be  found  but  slightly  affected  by  the  first  burning,  directl 
upon  the  new  bed  of  wood;  tne  second  burning  lasts  about  5  day 
and  a  third  is  usually  completed  in  4.  Matte  containing  30  per  o»i 
copper,  after  3  thorough  burnings,  should  yield  white  metal  (70  pt 
oenO  when  smelted  rapidly  through  a  cupola  furnace. 

Eeruel-roastine  is  a  peculiar  concentration  of  copper  which  alwaj 
takes  place  when  low-grade  ores  are  calcined  without  &ee  aooess  < 
air,  even  balls  of  fines  yielding  kernels  in  some  instances.  It  i 
occasionally  ayailed  of.  Thus  at  F5ldal,  Norway,  a  pyritea  ooi 
taining  45  to  48  per  cent,  sulphur,  with  2  to  2^  per  cent,  copper,  is 
3  to  6  per  cent,  insoluble  matter,  is  burned  in  heaps  in  the  open  a 
as  slowly  as  possible,  3  to  4  months  beine  usually  required.  Afh 
roasting,  the  kernels,  containing,  unwashed,  only  about  3f  per  cen 
copper,  are  first  washed  so  as  to  remoye  the  soluble  sulphates,  whe 
the  kernels  are  easily  picked  out  firom  the  dried  ore,  and,  as  they  can 
much  less  adherinj^  oxide  scale,  assay  12  and  even  15^  per  cent.  Tl 
nett  proportion  of  copper  obtained  in  the  kernel  is  only  |— |  of  ti 
total  copper  contents  of  the  ore ;  about  \  the  remainder  is  recoyerc 
by  washing,  and  the  rest  is  lost  in  the  burnt  residues.  The  tot] 
cost  of  roasting  and  hand-picking  per  ton  of  crude  p^tes  is  aboi 
1«.  Zd.  At  Agordo,  Italy,  kernel-roasting  on  chalcopynte  mixed  wi^ 
iron  bisulphide,  carrying  1^2  per  cent,  copper,  gaye  kernels  asaayiij 
33  per  cent. ;  women  and  children  remoye  the  crusts  and  wash  ^ 
kemelft,  producing  a  good  liquor  for  precipitation,  while  the  dea 
kernels  go  to  the  blast  furnace.  Peters  tried  a  similar  method  d 
1^  per  cent,  pyritous  ore  at  Strafford,  Vermont,  but  failed  becaui 
only  a  small  proportion  of  the  kernels  were  so  roasted  as  to  admit  \ 
ready  separation  of  the  iron  oxide  crust,  for  which  purpose  breaka 
and  jigs  haye  preyed  quite  unsuitable. 

Stall-roasting  being  a  little  more  costly  than  heap-roas^g  i 
generally  appli^  only  to  matte,  but  is  equally  suited  to  raw  ^ 
and  reduces  the  risk  of  loss  by  storms,  Ac,  besides  working  well  ool 
low  percentage  of  sulphur.     It  is  always  best  to  build  stalls  in  blod 
or  rows  of  4  to  12  or  more,  as  a  large  saying  in  both  brick  and  ina 
work  is  effected,  and  the  heat  retained  in  so  large  a  mass  of  maaoni^ 
and  communicated  to  continuous  stalls,  is  highly  adyantageous  \ 
the  roasting  process.    It  is  a  great  mistake  to  buUd  stalls  without ' 
brick  arch  oyer  them,  as  the  arch  assists  in  retaining  the  heat  and  i 
forcing  the  smoke  to  ascend  to  the  flue.    The  point  of  greatest  ' 
portance  in  construction,  howeyer,  is  to  secure  a  proper  foundal 
for  the  brickwork,  and  to  tie  the  furnaces  with  strong  bucksta' 
and  |-in.  iron  rods,  although  when  the  arches  are  built  as  sei 
circles,  which  is  usually  the  case,  there  is  do  lateral  thrust.     Still 
expansion  from  heat  would  soon  destroy  the  brickwork  if  it 
not  properly  tied,  and  any  undue  saying  in  this  direction  is  al 
mistaken  economy.     Ordinary  dimensions  of  stalls  are : — Width,  5 
depth,  6  ft. ;  depth  of  ashpit,  1  ft.  6  in. ;  height  from  grate  to  spri 
of  arch,  4  ft.  8  in. ;  thickness  of  main  walls,  1  ft.  6  in.;  thicknee*! 
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liviBion  walls,  1  ft.  A  stall  of  this  size  will  hold  5  tons  of  white 
netal;  an  increase  of  capacity  within  reasonable  limits  would  lead 
4)  a  decided  saving  in  ^el  and  labonr,  and  not  be  detrimental  to  the 
)rooe88. 

After  thoroughly  clearing  the  grate-bars  from  any  fused  matte 
rom  a  previous  burning,  and  plastering  the  walls  carefully,  wherever 
they  show  signs  of  wear,  with  a  thick  mortar  of  burned  and  raw 
^lay  in  equal  parts,  about  10  cub.  ft  of  bard  wood,  in  ordinary  4-ft. 
migths,  is  arranged  upon  the  grate-bars  as  evenly  as  possible,  and 
Jl  spaces  between  the  sticks  are  chinked  with  small  stuff  and  split 
ogs.  Hard  wood  is  much  preferable  to  soft,  and  a  thicker  layer  of 
irood  should  be  placed  at  the  front  and  sides  than  in  the  middle.  As 
h&  stall  is  gradually  filled,  pack  with  chips  and  brush  or  small  coal 
x>th  on  the  front  and  sides,  nearly  to  the  top.  The  front  is  built  up 
ooeely  with  fire-brick  placed  on  edge.  The  matte  should  be  broken 
o  the  size  of  the  fist  or  smaller ;  and  to  facilitate  this  operation  the 
nmaoe  from  which  it  is  produced  should  be  tapped  on  to  thick  iron 
))ate8  in  such  a  manner  that  the  matte  forms  a  layer  not  more  than 
\  in.  thick,  which  will  be  brittle,  and  can  be  spalled  by  boys  at  small 
txpense. 

In  Japan,  stalls  for  calcination  are  built  of  rough  stonework, 
HrithoQt  any  chimney,  and  are  usually  protected  from  the  weather. 

The  cost  of  stall-roasting  at  Boston  is  given  *  at  9{i.  per  ton  of 
ire,  or  2«.  6<2.  per  ton  of  matte,  labour  accounting  for  f . 

Eiln-roasting  is  of  several  kinds.  When  the  sulphurous  acid 
l^nerated  is  to  be  utilised  for  making  sulphuric  acid,  special  forms 
)i  kiln  are  employed,  which  will  be  found  described  in  detail  in  the 
author's  work  on  sulphuric  acid  (1872).  When  the  ore  is  in  a  dusty 
condition,  choice  lies  between  the  old-fashioned  brick  reverberatory, 
vertical  sbelf  furnaces,  automatic  revolving  roasters,  or  hearths  with 
automatic  rabblers. 

Beverberatories  should  not  be  less  than  50-60  ft.  long,  and  the 
nrorking  doors  should  be  provided  with  rollers  for  carrying  the 
Rabbling  paddle,  and  not  be  situated  opposite  each  other.  The  bed, 
but  not  tiie  arched  roof,  should  rise  toward  the  charging  end.  A 
Furnace  75  ft.  long  and  17  ft.  outside  diam.  will  require  40,000  common 
brick  (in  addition  to  stone  foundation),  8000  fire-brick  for  lining, 
ind  5  casks  fire-clay,  besides  5-10  tons  iron  tie-bars,  &c.  They  are 
being  replaced  by  mechanical  furnaces  where  labour  is  dear,  but  they 
remain  unequalled  ibr  producing  a  really  *'  sweet  *'  roast 

Of  vertical  shelf  furnaces  the  best  is  Fauvers.t 

Revolving  furnaces  bear  a  general  resemblance  to  the  Ozland  cal- 
inner  (p.  157) ;  they  are  chieflv  the  Howell  White,  in  which  the  period 
of  roasting  is  controlled  by  the  speed  of  rotation ;  and  the  Brtickner, 
in  which  the  ends  are  contracted,  so  that  the  charge  can  be  retained 
as  long  as  debired.  A  medium-sized  Bruckner  measures  18  ft.  long 
by  7  ft.  diam.,  takes  6-8  tons  at  a  charge,  and  weighs  about  14  tons. 
The  Anaconda  Work^t  use  136  of  them  ;  some  are  gas-fired,  22  ft.  lung, 
and  roast  a  16-ton  charge  (from  35  down  to  3]^  per  cent,  sulphur)  in 

•  T.  Egleuton,  **  Point  Shirley  Copper  Works,"  School  Mines  Qly. 
t  C.  G.  W.  Lock,  *  Miners'  Pocket-Book,'  p.  369. 
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36  hours ;  they  are  arranged  in  sets  of  6,  and  are  charged  from  \ 
trayelling  hopper.  Ordinarily  oxidation  is  far  from  being  completely 
attained  in  a  Briickner  owiog  to  insufficient  air-snpply,  and  to  over- 
come this  E.  M.  Clark  has  added  a  water-jacketed  air  pipe  fed  bj  % 
blast,  which  hastens  the  roasting,  but  is  very  difficult  to  keep  in 
repair.  The  best  results  obtained  with  Brfickners  appear  to  be:— 
12  tons  of  ore  to  each  man  employed,  consuming  167  lb.  coal  per  t(m, 
reducing  the  sulphur  from  40  per  cent  to  7  per  cent. ;  ore  at  least 
as  fine  as  \  in.  The  Omaha  and  Oi'ant  Company  use  3  famioa, 
requiring  4  men  per  24  hours,  to  roast  20  tons  from  40  per  cent  down 
to  2  per  cent,  sulphur,  consuming  1^  tons  coal  per  charge  of  12  toiu: 
they  estimate  the  cost  at  90  a  (3«.  9c2.)  per  ton,  as  against  2^  duL 
(10«.)  in  reverberatories. 

Of  hearths  with  mechanical  rabblers  the  0*Hara  is  the  earlicft 
type,  succeeded  by  the  Brown-Allen,  the  Brown,  and  the  Pearce. 
The  Brown-Allen  is  made  with  stirrer  carriages  and  a  mechanism 
which  moves  the  ploughs  or  scrapers  outside  the  roasting  hearth.  A 
furnace  of  average  size  has  a  roasting  hearth  8  ft.  wide  in  the  detr 
and  about  90  It.  long,  or,  including  the  lower  stage,  a  condniurag 
hearth  8  ft  wide  by  180  ft.  long.  To  take  care  of  a  furnace,  1  man 
only  on  a  shift  is  required,  the  whole  action  being  automatia  The 
cost  of  roasting,  while  varying  somewhat,  according  to  the  cost  of 
material  and  labour,  will  average  between  Z».  and  4«.  per  ton,  indudisg 
repairs.  The  capacity  of  such  a  furnace  is  about  35  tons  per  day,  and 
the  results  are  substantially  as  follows :  When  the  ore  is  cnubed 
reasonably  fine,  and  20  tons  per  day  are  treated,  the  calcined  ore 
averages  1  to  2  per  cent  sulphur;  25  to  28  tons  a  day,  3  to  3*5  per 
cent;  30  to  35  tons,  3*5  to  5  per  cent;  and  if  the  fumaoe  is  pushed 
to  its  maximum  capacity,  85  to  40  tons  of  roasted  ore,  they  carry  m 
average  of  about  6  per  cent.  The  power  required  is  about  2^  h.p.  for 
an  average  of  35  tons  per  day.  The  cost  of  construction  varies  some- 
what with  local  conditions,  but  runs  from  1600i.  to  2400i.  per  fumaoe, 
including  the  necessary  stacks.  The  Brown  difiers  chieflv  in  having 
the  hearth  horseshoe-shaped,  with  an  interval  for  cooling  the  rabblers, 
thus  lengthening  their  lives.  The  cost  of  construction  is  much  kw 
than  that  of  the  preceding. 

The  Pearce  turret  furnace  (Fig.  118)  consists  of  an  ordio&ry 
reverberatorjr  hearth  a  built  in  a  circular  form,  the  centre  of  the  circle 
being  occupied  by  the  central  column  6  supporting  the  radiating  ani» 
c,  which  carry  the  rabble  blades  d.  Ore  is  fed  mechanically  at  e,  «ri 
after  traversing  the  whole  circle  of  the  hearth,  at  any  desired  speed, 
falls  by  gravity  into  the  pit/.  Air  is  forced  through  the  pipe  arms  c 
and  discharged  against  the  rabble  blades  d,  performing  the  d<»il^ 
duty  of  cooling  the  ironwork  and  furnishing  neated  air  to  the  rotst 
Two  or  more  automatically  fed  stepgrate  &*eplaoes  g  supply  foel 
The  space  beneath  the  hearth  is  utilised  as  a  dust  flue  leading  tc 
chamber  A.  The  cost  of  a  36  ft  Pearce  furnace  is  4000  del.  (800i.)  fe 
ironwork  and  erection  (Denver  figures),  with  1500  dol.  (3001.)  royiltr. 
Repairs  are  confined  to  renewal  of  rabble  blades  every  3-4  weeii 
One  man  per  shiit  can  feed  fuel  and  ore,  remove  roasted  ore, 
attend  to  machinery  of  one  furnace.    Air  supply  can  be  controlled 
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only  throngh  arms  c  but  also  at  inlets  t  and  mouths  ib.  The  degree  of 
roasting  can  be  adjusted  to  any  desired  point,  from  a  dead  roast  to 
U17  percentage  of  sulphur,  and  to  fusion  or  sintering ;  for  chloridising, 
salt  can  be  added  at  any  point ;  and  the  furnace  can  be  used  for  drying 
or  for  cooling.  The  proportion  of  flue  dust  is  much  reduced.  Capacity 
varies  from  10  to  20  tons  per  24  hours.  Very  inferior  fuel  can  be 
used*    As  operated  on  copper  pyrites  at  the  Boston  and  Colorado 


.''<"\ 


PxARCB  "Turret"  Furnace. 


Smelting  Co.'s  works  at  Denver,  it  appeared  to  the  author  in  1894  to 

be  doing  excellent  work  at  a  cost  of  about  60  c.  (2«.  6<i.)  a  ton.    It  is 

made  exclusively  by  the  Steams-Roger  Manufacturing  Co.,  Denver.* 

Fig.  119  is  firom  a  photograph  of  a  battery  of  these  furnaces  at  the 

•  See  al»o  •*  Fumaoefl  for  Boasting  Gold-bearing  Ores,"  by  C.  G.  Wamford  Lock, 
in  Jour.  Soc  Arts,  March  1, 1895,  No.  2206,  xliiL  364. 
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Argo  works,  Denyer,  and  shows  the  overhead  tramway  a  by  which 
ore  and  fuel  are  brought,  ore  feed  hopper  \  and  discharge  opening 
whence  the  ore  is  drawn  and  shovelled  into  wheelbarrows. 

Smelting  to  matte  is  performed  in  a  variety  of  fnmaoeB,  according 
to  special  circumstances. 

Perhaps  the  simplest  and  crudest  is  a  native  Mexican  form  of 
shaft  furnace,  shown  in  Fig.  120,  used  at  Jalisco.*  It  consist 
essentially  of  a  pair  of  air-channels  or  long  tuyers  a,  constructed  in 
the  top  of  a  mass  of  crude  masonry  &,  with  a  bellows  c  at  one  end, 


FiQ.  119.— Peaboe  "Tubhet"  Furnaob. 

and  what  answers  for  a  crucible  d,  at  the  other.    These  stone  channel! 
are  about  7  ft.  long,  slightly  conical,  and  sufficiently  raised  at  tU 
back  to  allow  free  motion  for  the  bellows.     The  fire  ends  are 
nated  by  clay  nozzles  e,  about  18  in.  long  and  2  in.  diam.  at  tl 
outlet ;  their  ends  come  nearly  to  the  edge  of  a  circular  basin  d,  a' 
1 8  in.  diam.  and  3  in.  deep  at  the  centre,  simply  a  depression  in 
earthem  floor,  lined  with  the  ashes  of  the  enctna,  a  species  of 
rammed  in  moist,  and  formed  by  a  man  stamping  quickly  aroui 
with  leather  sandals  on  his  feet ;  it  is  repaired  in  the  same  mann 
For  each  tuyer,  a  round  bellows  c,  about  3  ,ft.  diam.  is   attach( 

*  W.  B.  Deyereiiz,  Trans.  Amer.  Inst.  Min.  Engs.,  18S2. 
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directly  against  the  stonework ;  the  back  of  the  bellows  is  fastened  to 
an  npright  frame,  which  is  hinged  at  ^,  and  is  provided  with  a  cross- 
piece  at  the  top  for  a  handle ;  it  is  worked  by  a  man  standing  on  a 
raised  platform  /,  taking  a  single  step  backward  and  forward  at  each 
blast.  The  blasts  are  given  nearly  alternately,  and  the  two  cnrrents 
are  directed  by  the  nozzles  toward  the  centre  of  the  basin.  When 
smelting  is  to  commence,  a  green  pine  pole  about  10  in.  diam.  is  laid 
across  the  basin  in  front  of  the  nozzles,  the  fire  end  supported  by  a 
roller,  so  that  it  can  be  moved  up  easily.  Pine  charcoal  is  piled  upon 
both  sides  of  this  over  the  basin,  and  plates  of  foul  slag  are  laid 
across  from  the  nozzles  to  the  charcoal,  securing  greater  concentration 
of  heat.  When  the  fire  is  well  lighted,  ore  is  placed  on  that  part  of 
tiie  charcoal  outside  of  the  log,  and  coal  and  ore  are  afterward  added 
iniffioieutly  fast  to  maintain  the  compact  character  of  the  pile ;  thus 
jflie  blast  is  prevented  from  breaking  through  with  force  and  blowing 
the  ore  away,  for  it  is  quite  powerful,  and  the  flames  are  constantly 
iiiiged  with  green.     The  encina  makes  a  stronger  ooal  than  pine,  and 


FiQ.  120. — Mbxicak  Shaft  Furnace. 

bettenc  for  shaft  furnaces,  but  it  snaps  too  much  for  this  process.  By 
the  time  the  ore  has  worked  down  to  the  bottom  of  the  log,  it  seems 
o  have  agglutinated,  and  the  melting  copper  and  slag  commence  to 
Irop  at  once.  The  whole  of  the  smelting  seems  to  take  place  before 
t  settles  into  the  basin,  as  after  that  the  surface  is  almost  constantly 
covered  with  charcoal.  The  log  seems  to  be  an  essential  both  for 
ontrolling  the  force  of  the  blast  and  for  supporting  the  charge  so 
hat  it  is  acted  upon  gradually,  but  with  increasing  power.  When 
he  basin  is  nearly  full  of  slag  the  blast  is  stopped,  and  the  ooal  is 
craped  away.  The  slag  is  then  removed  in  plates  as  it  cools,  the 
nly  implement  being  a  round  pole,  which  is  slipped  under  the  edge 
.nd  then  carefully  lifted  up  with  the  cake  balanced  upon  it.  If  the 
ake  of  copper  is  not  large  enough,  smelting  is  resumed:  when 
ufficient  has  accumulated,  the  slag  is  removed  as  before,  the  dust  is 
>lown  off  with  a  bamboo  tube,  and  the  copper  is  allowed  to  cool  in  the 
lasin.  It  is  said  that  300  lb.  of  ore  can  be  smelted  with  one  furnace 
ci  4  hours,  which  seems  doubtful.  The  quartz  gangue  separated  in 
uncentration  is  used  for  flux.     The  slags  are  very  basic,  biit  well 
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fused,  and  seem  to  oontain  little  metallic  oopper.  The  oopper  cakes 
(40-60  lb.)  produced  are  soft,  and  seem  quite  pure.  They  are  melted 
in  a  similar  furnace  once  more,  however,  being  treated  precisely  ss 
the  ore  was  treated,  except  that  no  slag  is  used ;  scrap  and  r^ioe 
copper  are  added  at  the  same  time.  There  is  no  poling  or  stirring  of 
the  copper,  the  action  of  the  heated  charcoal  being  apparently  all  that 
is  necessary  to  produce  the  proper  pitch.  This  would  indioate  Uiat 
oxide  is  formed  daring  the  melting  down.  No  tests  are  made,  bat 
the  uniformity  of  the  product  is  remarkable. 

Bio  Tinto  employs  a  number  of  low  brick  furnaces  lined  with  soft 
but  compact  day-slate,  for  smelting  the  calcined  ore,  kernels,  vA 
precipitates,  producing  a  matte  with  about  36  per  cent,  copper. 
oome  of  these  furnaces  are  now  replaced  by  water-ja^et  cupolas,  witb 
economy.  .  Peters  *  states  the  cost  of  matte  smelting  in  a  Herreaholl 
furnace  at  7«.  Gd.  a  ton,  with  cheap  fuel  and  a  fusible  ore;  and 
instances  a  cost  as  low  as  39.  4<2.  with  large  quantities  of  ore,  coke 
costing  10«.  a  ton,  in  a  rectangular  brick  furnace  measuring  inside 
12  ft  by  3  ft.  6  in.,  and  having  tuyers  on  all  sides. 

At  the  Tilt  Cove  mines,  Newfoundland,  the  Austin  pyriti< 
smelting  process  has  been  adopted,  with  the  object  of  producing  s 
matte  of  one-third  the  weight  of  the  raw  ore. 

At  the  Willows  Syndicate  works,  Transvaal,  W.  Bettel  has  intro- 
duced some  important  innovations  to  suit  the  peculiar  conditions,  viz. 
(a)  very  bad  coal  containing  18-40  per  cent,  ash,  and  (6)  an  on 
carrying  chiefly  hydrous  oxide  and  antimoniate  of  iron,  with  40  oe, 
silver  per  ton,  and  4  per  cent,  copper  (blue  and  green  carbonates),  wiUi 
scarcely  any  sulphur.  After  investigating  the  causes  of  previous  non- 
success,  he  deciaed  to  adopt  the  following  arrangements :  (a)  to  con- 
struct vaults  as  a  foundation  ;  over  these  a  number  of  bric^  channeli 
(suitably  aiTanged  along  the  whole  width  of  the  furnace),  oovere<3 
with  bncks  (rubbed  joints  and  grouted),  communicating  with  a  steaoh 
blast  arrangement  at  one  comer  of  the  flue  end  of  the  fomaoe  U 
ashpit  at  outlets,  and,  after  cooling  bridge,  to  blowpipe  jets  in  bridge 
and  roof;  (6^  to  work  the  furnace  iinder  pressure  with  closed  ashpit 
using  an  ejector  arrangement  similar  to,  but  simpler  than,  tb< 
Koerting.  Thus  he  could  (a)  reduce  the  heat  in  the  grate,  making 
the  ash  loose  and  friable,  and  (&)  transfer  such  heat  (as  well  as  \xx»S 
from  furnace  bottom  abstracted  by  passage  of  air  and  steam  through 
the  brick  tubes)  in  the  form  of  hydrogen  and  carbonic  oxide,  to  ^ 
laboratory  (hearth)  of  the  furnace  where  these  gases  are  burned  wit! 
the  hot-blast  from  roof  and  bridge,  producing  an  intense  temperature 
similar  to  that  obtained  in  a  Siemens  regenerative  gas  fiimaoe 
Having  reduced  the  usual  depth  between  skimming  plate  and  bottom 
ho  smelted  the  bottom  in  three  thin  layers,  the  first  two  with  sifted 
sand  with  which  1^  per  cent,  lime  was  intimately  mixed,  and  on  thii 
a  seasoning  charge  of  sharp  slags  smelted.  The  upper  layer  consisted 
of  sifted  river  sand  only,  which,  after  smelting,  was  seasoned  as  before 
To  smelt  the  refractory  untimonial  oxide  and  carbonate  ores  (70  p«i 
cent,  in  pieces  2]^-3  in.  cube)  without  sulphides  (except  in  traces)  ani! 
still  produce  clean  slag,  collecting  at  least  90  per  cent,  of  the  copper  and 

♦  E.  D.  Peters,  •  Modern  American  Methods  of  Copper  Smelting  * 
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silver  at  one  operation  in  a  matte,  at  a  profit,  coal  being  50«.  per  ton 
of  2000  lb.,  stores  generally  about  600  per  cent,  over  English  prices, 
and  white  labour  27/.  per  month  (furnacemen),  he  used  as  flux  a 
silioious  carbonate  of  iron,  b'me,  and  magnesia,  containing  5  per  cent, 
and  upward  of  anthracitic  carbon.     The  matte  produced  is  a  copjjer 
antimonide,  thus :  antimony  oxides  fluxed  with  lime  (and  magnesia) 
will  dissolve  in  a  bath  of  basic  ferrous  silicate,  and  be  reduoBd  by 
carbon  conjointly  with  <x)pper  and  silver,  forming  a  fusible  and  brittle 
argentiferous  antimonide  of  copper  (formula  Sb^Cus),  provided  that 
the  slag  does  not  contain  more  than  5  per  cent,  magnetic  oxide  of  iron ; 
otherwise  the  slag  is  rich,  copper  and  antimony  are  lost,  and  some 
silver  is  volatilised.    Excess  of  carbon  is  .avoided,  as  tending  to  throw 
down  metallic  iron,  making  the  matte  coarse  and  difficult  to  break. 
With  ores  carrying  85  oz.  silver,  16J  tons  ore  (or  21\  tons  charge)  are 
concentrated  into  1  ton  matte;  91*3  per  cent,  silver  is  recovered 
(7^-8  per  cent,  going  into  slag  and 
remainder    volatilising),   and    the 
matte  contains  52  per  cent,  copper, 
38  antimony,   3^  iron,   2  arsenic, 
2  sulphur,  \  lead,  and  1  •  69  silver 
(520  oz.  per  ton\    Further  oxidis- 
ing treatment  m   a  special,   hot- 
blast,     blow  -  pipe     reverberatory 
gives    crude    copper    (93 '55    per 
cent.)   containing   3*26  per  cent, 
silver  (1064*9  oz.  a  ton),  1*31  anti- 
mony,   and    '6    arsenic.       Steam 
(which  may   be  raised   by  waste 
beat)  at  20  lb.  pressure,  introduced 
through    two  -i^-in.    jets,    has    a 
marked    influence    in    preventing 
formation  of  all  except  "  rotten " 
clinker,  and  causes  even  such  poor 
coal  as  here  used  to  bum  to  a  clean 
ash. 

Water-jacket  furnaces  are,  how- 
ever, growing  in  favour,  and 
assume  many  forms.  Fig.  121 
illustrates  Stewart's  "  rapid " 
smelter,  a  being  the  crucible ;  &, 
water  jacket ;  c,  water  supply 
pipes ;  S,  air  chamber ;  e,  tuyers ; 
ft  charging  door ;  ^,  tapping  spout  ; 
K  drop  bottom.  The  cost  of  a 
single  furnace  plant  complete  is 

about  6000L ;  its  capacity,  30  tons  Fio.  121.— Water  Jacket  Furnace. 
a  day ;  water  consumption,  25,000 

gaL  per  24  hours ;  power  required,  30  h.p. ;  fuel  consumed,  30-40  bush, 
csharcoal  per  ton  of  charge  (ore  and  flux)  or  13  per  cent  good  coke. 
Some  smelters  prefer  the  rectangular  form,  as  giving  a  greater  output 
for  the  same  labour  and  consuming  less  fuel.     If  charcoal  is  used  as 
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fuel,  it  is  essential  to  keep  it  dry  and  unbroken.  The  water  leaving 
the  jacket  should  be  as  hot  as  possible  short  of  being  steanu  and  the 
outlet  should  be  in  full  view  of  the  f  umaceman.  When  the  blower  is 
stopped,  all  the  tuyer  holes  are  at  once  out  off,  to  prevent  snbsequeiit 
explosions  of  inflammable  gases.  Usually  the  different  matemk 
forming  the  charge  are  fed  in  separately  from  their  respective  biia, 
though  some  advocate  mixing  the  charge  thoroughly  before  feeding. 
The  removal  of  chilled  slag  and  crusts  should  be  repeated  at  short 
intervals,  to  reduce  risk  of  injury.  An  approximate  estimate  of  ooi4 
for  working  a  ''  SO-ton "  furnace  (36  in.  diam.  at  tuyers,  taking  35 
short  tons),  on  average  ore,  is : — 

£    t.  d. 

5  tons  limestone  or  iron  flax  at  12« 3    0  0 

Sf'tonscokeatei.      S4    5  0 

Labour 16  10  0 

Fuel  for  boiler,  2  ooida  wood  at  25t.      ..     ..  2  10  0 

Assay  supplies,  Ac. 3    0  0 

Gleaning  and  weighing  product       0  10  0 

Bepairs,  &o.,  at  10  per  cent.     6    5  0 

£66    0    0 

or,  on  35  tons,  \l.  17«.  9<2.  per  ton  of  2000  lb.  With  an  80-ton  fumaoe, 
the  cost  is  reduced  to  12.  IO9.  6d 

In  smelting  the  low-grade  ores  of  Torreon,  Chihuahua,  Mexico, 
Collins*  introduced  some  innovations  with  great  suooess.  Thus, 
instead  of  using  the  drop-doors  in  oases  of  freezing,  he  raised  the 
furnace  stack  by  screw-jacks  placed  over  the  4  short  oast-irazi 
foundation  columns,  and  removed  the  chilled  ^  bottom  "  in  one  piece, 
breaking  it  up  outside  by  dynamite.  To  help  prevent  obiUing 
when  working  on  poor  ores,  he  walled  round  the  open  space 
below  the  bottom  plate  and  between '  the  foundation  colunmB 
with  slag  bricks  laid  in  clay,  so  as  to  shut  off  circulation  of 
air  beneath  the  fomace.  Costly  fire-bricks  for  lining  he  replaced  by 
local  soft  refractory  trachyte,  cut  to  shape  and  laid  in  a  mixture  of 
pounded  trachyte  and  clay.  With  a  small  low  fumaoe  (36-in.  cir- 
cular) no  lumps  of  more  than  fist-size  should  be  admitted,  and  a 
benent  results  from  breaking  all  silicious  or  otherwise  refractory 
lumps  to  the  size  of  walnuts ;  but  25  per  cent,  of  fine  ore  in  a  36-in. 
round  fumaoe  gives  fully  as  much  trouble  as  40  per  cent,  in  a  fumaoe 
36  by  100  in.  with  a  bodi.  The  pieces  of  coke  snould  not  be  allowed 
to  exceed  9  sq.  in.  in  sectional  area,  while  pieces  smaller  than  .a  walnut 
either  get  burned  up  before  reaching  the  tuyers,  or  enveloped  in.  slag 
which  protects  them  frt>m  the  action  of  the  blast.  The  slags  are  mors 
free  from  copper  and  silver  when  small  charges  are  employed ;  but 
the  pile  of  coke  corresponding  with  each  charge  must  be  large  enough 
to  spread  evenly  over  the  whole  area  of  the  furnace,  and  the  b^ 
results  were  got  by  a  charge  of  90  lb.  fuel,  corresponding  with 
450-620  lb.  ore.  The  consumption  of  fuel  is  about  2  cords  a  day 
of  dry  mountain  oak,  which  lasts  well  and  gives  a  hot  flame,  proving 
itself  equal  to  about  1^  ton  ordinary  western  coal,  over  which — ^besides 

♦  H.  F.  Collins,  •♦  Smelting  Processes  for  Extraction  of  Silver  and  Gold,-  Prot 
Inst.  Civ.  Engs.,  Paper  No.  2655. 
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being  somewliat  cheaper — it  offers  the  advantage  of  giving  better 
results  with  inferior  stokers.  The  Torreon  ores  are  docUe,  and  rarely 
Deed  any  flnx ;  2  classes  are  produced,  the  general  average  of  the  first 
class  being  13  •  05  per  cent,  copper  and  14  oz.  silver  per  ton  of  2000  lb., 
and  of  the  second  class,  6  *  3  per  cent,  copper  and  4  oz.  silver  per  ton. 

The  cost  of  smelting,  with  wages  at  3«.-6«.  a  day  for  workmen, 
&nd  15«.-17«.  6{i.  a  day  for  foremen  and  mechanics,  inferior  coke  at 
57f.  6d  a  ton,  coal  at  44«.,  and  wood  at  259.  a  cord,  is :  labour,  5«. ; 
materials,  l9. 3e2. ;  boiler  fuel,  1«.  6i2. ;  coke,  10«.  3e2. ;  superintendence, 
2i.— total,  20#.  jper  ton  of  2000  lb. 

At  Siemens  copper-smelting  works  at  Eedaberg,  in  the  Trans- 
Caucasus,  the  residues  from  naphtha  distillation  have  been  applied 
both  in  the  calcination  and  fusion  of  pyritic  ores,  the  furnaces  for 
both  operations  being  combined  into  one  structure,  having  a  chimney- 
itack  in  common.  The  smelting  furnace  has  a  circular  bed  18  ft.  diam., 
x»vered  by  a  domed  roof,  having  a  maximum  height  of  1^  ft.  in  the 
5entre.  The  heating  is  done  by  two  of  Leng*s  pulverising  burners 
placed  about  9  ft  apart  on  the  same  side  of  the  furnace,  with  the  up- 
Ake  flue  between  them.  The  jets  are  not  quite  square  to  the  admission 
x)rt,  80  that  two  eddying  bores  of  flame  are  produced  under  the  roof, 
vhich  unite  and  pass  out  by  the  flue  over  tne  bed  of  the  calcining 
lurface.  The  latter  is  50  ft.  long,  with  a  bed  9^  ft.  wide,  and  3  ft. 
leight  of  roof,  which  is  laid  with  an  upward  slope  of  nearly  1  in  7. 
The  ore,  containing  7  per  cent,  copper,  is  first  roasted  in  the  ordinary 
vay,  and  then  run  down  to  coarse  metal,  containing  25  per  cent, 
opper ;  but  when  the  roasting  is  omitted,  the  regulus  contains  only 
8-20  per  cent,  copper.  With  this  furnace,  in  33  working  days, 
•38*6  tons  of  ore  were  smelted,  yielding  368*2  tons  of  coarse  me^, 
veraging  25  per  cent,  copper,  with  a  consumption  of  185*6  tons 
taphtha  residues,  or  rather  more  than  50  *  43  per  cent,  of  the  weight 
f  the  product.* 

Fines  are  not  so  easy  to  deal  with,  but  they  may  be  **  bricked " 
•y  mixing  with  slimes  or  flue-dust,  lime,  or  even  cement,  and  smelted 
n  a  wator-jacket  furnace  with  low  burden  and  very  light  blast,  or  in 
large  section  blast  furnace  using  a  fan  blast.  Peters  describes  such 
furnace,  costing  700Z.-1000Z.  complete,  smelting  30,000  tons  of  a 
lixtore  containing  50  per  cent,  green  fines,  yielding  a  10}  per  cent. 
latte,  at  less  than  8«.  a  ton. 

The  Swansea  method  as  formerly  practised  was  conducted  entirely 
Q  reverberatory  smelting  furnaces.  A  mixture  of  sulphuretted  and 
atnrally  or  arofioially  oxidised  ore,  containing  sulphur  enough  to 
onoentrato  all  the  copper  into  a  matte  of  20  to  30  per  cent.,  and  suffi- 
ient  silica  to  combine  with  all  the  iron  that  did  not  enter  the  matte, 
nd  with  all  other  bases,  so  as  to  make  a  clean  fusible  slag,  was  run 
oinm  in  a  reverberatory  furnace.  The  resulting  matte  was  re-charged, 
cvasted,  and  smelted  again  at  a  low  heat,  whereby  some  of  the  sulphur 
ras  oxidised  and  passed  off  as  sulphurous  acid,  and  the  oxidised  iron 
ombined  with  the  silica  of  the  fimiace  lining,  unless  silicious  ore  or 
tag  was  added.     This  operation  was  repeated  till  all  the  iron  was 

^  G.  Sehnabel,  '*  Liquid  Fuel  in  Copper  Smelting,"  Zeit  d.  Yer.  D.  Ing.,  1891, 
1027. 


Digitized  by 


Google 


448  ECONOMIC  MINING. 

eliminated,  and  a  pure  sulphide  of  oopper,  known  as  **  white  m^al, 
was  obtained.  These  repeated  roastings  and  fdsions  produced  a  goa 
oopper,  bat  required  an  inordinate  quantity  of  fuel  and  labour.  I 
the  modified  Swansea  method  now  employed,  the  ores  and  slags  &qi 
subsequent  operations  are  mixed  so  as  to  produce  a  matte  of  30  to  3 
per  cent. ;  this  grade  being  preferred,  because  if  it  be  lower  in  cx>ppc 
an  extra  fusion  would  be  required,  if  higher  the  cost  of  siubsequMi 
operations  would  not  be  materially  reduced,  while  the  slags  would  \ 
enriched  by  the  higher  tenor  of  the  shots  of  matte  which  are  nnavoil 
ably  drawn  out  of  the  furnace  when  skimming.  If  the  ore  is  fosild 
4  charges  of  8000  lb.  each  can  be  smelted  in  a  large  fdmace  i 
24  hours.  When  the  fusion  is  complete,  the  slags  are  skimmed  ofi^  an 
the  matte,  if  sufficient  in  quantity,  is  tapped.  But  the  English  poM 
tioe  of  limiting  the  tenor  of  the  first  matte  to  33  per  cent,  is  n 
followed  everywhere.  In  the  Guayaquil  smelting  works.  Chili,  ti 
mixture  is  made  up  to  15  per  cent,  copper,  from  sulphuretted  an 
naturally  oxidised  ores,  and  a  matte  of  50  to  55  per  cent,  is  made  i 
the  first  smelting.  At  the  Butte  works,  Montana,  where  a  roaste 
concentrate  of  about  20  per  cent,  is  matted  in'  reyerberatoriee,  tl 
product  runs  from  60  to  65  per  cent.  Sometimes  the  30  to  85  per  oen 
matte  is  tapped  into  water  and  thus  granulated ;  but  most  works  crui 
it  between  rolls  previous  to  calcining  it  in  some  suitable  fdmace.  I 
England,  where  the  law  is  stringent  against  polluting  the  atmoepha 
wi&  noxious  gases,  the  most  highly  sulphuretted  ores  and  mattes  ai 
calcined  in  furnaces  which  yield  a  gas  of  sufficient  density  for  ad 
making ;  thus,  by  the  use  of  the  Oerstenhdfer  kiln,  47  per  oent«  of  a 
the  sulphur  is  utilised  to  make  sulphuric  acid.  The  matte  is  roasts 
so  as  to  leave  in  the  roast  about  12  per  cent,  of  the  23  per  cent.  <: 
sulphur  which  it  contained  before  roasting,  but  a  still  higher  pn 
portion  of  the  iron  is  oxidised.  When  this  roasted  matte  is  agai 
fused,  either  with  a  silicious  desulphuretted  ore  or  a  silioious  sU^ 
there  is  produced  what  is  technically  known  as  white  metal,  oon 
taining  72  to  75  per  cent,  oopper,  about  20  to  18  per  cent,  salphm 
and  the  balance  iron.  The  product  of  the  last  operation,  if  it  h 
properly  performed  and  has  yielded  a  regulus  of  over  70  per  oent^  i 
now  reauced  to  the  metallic  state  in  the  blister  furnace.  It  is  melte 
down  very  slowly,  so  as  to  oxidise  as  much  as  possible  of  the  sulphui 
The  slag  formed  is  skimmed  off^  and  air  is  blown  upon  the  melre 
mass,  the  result  being  the  formation  of  copper  oxide  and  sulphiiit»i 
acid — the  copper  oxide  coming  into  contact  with  unreduced  snlphid 
yields  metallic  copper  and  sulphurouM  acid,  which  latter  being  evolve) 
in  the  body  of  the  mass  causes  it  to  swell  to  much  above  its  norma 
bulk— 

2  CuO  +  CuS  =  3Cu  +  SOa; 

CuO  +  SOa  =  Cu  +  80s. 


From  the  extreme  density  of  the  fumes  evolved  they  would  »^ 
carry  some  sulphuric  acid,  which  may  be  derived  from  the  sulphuzoia 
acid,  when  rising  through  the  mass,  reducing  an  equivalent  of  ooppai 
to  the  metallic  state.  The  chilled  charge  when  again  fused  should  be 
^ady  to  tap  as  "  blister  "  of  98  per  cent,  oopper. 
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Comparing  reyerberatory  with  water-jacket  fumaoeB,  it  may  be  said 
it  elimination  of  arsenic,  &c.,  is  more  effective  in  the  former,  anci 
lere  wood  is  very  cheap  while  coke  and  charcoal  are  dear  or  infe- 
T,  the  reverberatory  may  hold  its  own ;  but  generally  the  water- 
iket  is  mnch  preferable  on  the  score  of  economy.  Wnen  ores  are 
lie  enough  to  form  their  own  slag,  they  may  be  smelted  into  bars 
over  94  per  cent,  in  circular  water-jacketed  furnaces  36  in.  diam. 
the  tnyers  at  a  rate  of  40  tons  per  day,  at  a  cost  not  exceeding 
1. 6d.  per  ton  of  ore,  if  coke  can  be  got  at  about  12.  per  ton ;  and 
^r  iiumaces  can  be  used  to  still  better  advantage. 
**  Bessemerising "  is  now  largely  applied  to  copper  mattes.  It 
isists  in  utilising  the  sulphur  in  the  ore  as  fu6l  for  bringing  the 
ftal  a  stage  forward  in  purity.  Its  first  form  was  the  Hollway  pro- 
IB  (English),  followed  by  the  Hanh^  (French),  to  which  several 
edifications  have  more  recently  been  added  in  America.  By  it, 
rites  containing  only  2\  per  cent,  copper  can  be  concentrated  into  a 
-25  per  cent,  matte  with  a  minimum  consumption  of  fuel. 
As  used  at  Leghorn  in  treating  the  Tuscan  copper  ores,  crude  10 
r  cent,  ore  is  mixed  with  a  smsul  quantity  of  roasted  lump  ore,  as 
Domes  from  the  mines,  is  run  down  into  a  30-35  per  cent,  copper 
itte,  and  tapped  direct  from  the  well  of  the  furnaces  into  a  trough- 
iped  Bessemer  converter.  Air  is  blown  through  this  for  20-30 
nntes,  the  effect  of  which  is  to  oxidise  a  little  of  the  sulphur  and 
!  the  iron,  which  is  converted  into  a  slag  at  the  expense  of  the 
kdous  lining  of  the  converter.  The  slag  is  so  fluid  that  on  tilting 
I  converter  most  of  it  flows  off.  What  remains  is  skimmed  into  a 
^  ^^gg7>  leaving  in  the  converter  an  almost  pure  copper  sulphide, 
te  converter  is  then  returned  to  position  and  the  blast  is  turned  on. 
about  \  hour  the  sulphur  is  eliminated  as  sulphurous  acid  and  the 
pper  is  reduced  to  97  per  cent,  metal.  The  whole  operation  occu- 
ss  a  little  over  an  hour.  With  patching,  the  lining  lasts  for  7 
irges.  While  one  converter  is  in  blast,  another  is  being  relined, 
d  the  lining  of  a  third  is  being  dried.  The  converters  in  use  there 
oduoe  at  each  blow  about  \  ton  97  per  cent,  copper,  and  therefore 
B  80  light  that  they  can  be  tilted  by  hand.  The  capacity  of  the 
ttU  pkuQt  is  5  tons  of  copper  a  day. 

At  Butte,  Montana,  the  matte  produced  in  the  blast  furnaces  is 
Qghly  iron  monosulphide  mixed  with  copper  subsulphide,  and  runs 
^5  per  cent,  copper,  22  iron,  26  sulphur.  A  percentage  of  iron  is 
ten  replaced  by  small  quantities  of  zinc,  lead,  antimony,  and  arsenic, 
bich  elements  are  partly  volatilised  in  the  converter  and  partly 
iter  the  slag.  When  the  matte  has  become  cold  enough  to  handle, 
18  broken  up  by  sledges  to  about  the  size  of  a  n^an's  fist,  and  ele- 
cted in  cars  to  a  high  track  leading  above  the  mouth  of  the  remelting 
tmace  (Fig.  122),  which  consists  of  a  simple  cupola  shaft  a,  the 
ain  body  supported  upon  4  hollow  cast-iron  pillars  6,  terminating 
ilow  in  a  detachable  well  c,  made  of  boiler  iron,  lined  deeply  with 
mixture  of  crushed  quartz  and  fire-clay,  pounded  hard  in  the  well 
a  thickness  of  about  12  in.,  and  somewhat  deeper  in  the  bottom, 
he  ciipola  shaft  is  also  lined  with  the  same  material,  but  decreasing 
I  thickness  above,  and  running  out  entirely  near  the  feed-door.     The 

2  G 
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well  is  placed  on  wheels  for  conyenience  in  running  it  ont  on 
iron  floor,  when  it  is  necessary  (every  few  weeks)  to  reline  it.  "" 
enter  the  shaft  just  above  the  well,  and  have  peep-holes  <2, 
which  the  workmen  can  observe  the  level  of  the  molten  matte, 
junction  between  the  cupola  shaft  and  the  well  is  made  by  a 
wall  of  the  lining  material,  and  this  is  often  broken  ihroagh  by 
fire,  as  the  iron  of  the  melting  matte  is  very  prone  to  eat  it 
When  this  occurs  the  man  in  charge  patches  it  from  outside 
lumps  of  composition  kept  in  readiness.     The  well  has  a  heavy 
iron  lip  e,  by  which  skimming  is  performed.    The  whole  famacei 

arranged  that  the  tap  ki 
A,  at  l^ttom  of  well,  shall] 
about  2  ft.  higher  than  \ 
mouths  of  the  con^ 
when  horizontaL  At  /  < 
matte  is  fed  in  with 
and  coke;  charges  are 
weighed,  but  uie  ooke 
about  10-12  per  cent,  of  i' 
weight  of  matte,  the 
consumption  over  blast-f 
naoe  practice  being  due 
the  need  of  high  tem{ 
in  the  matte,  otherwise 
long  run  in  launder  g 
cold  blast  might  dull 
round  the  converter  tuj 
besides  which  the  oom 
is  not  always  ready  ixx  1 
charge.  The  rem^t^ 
quires  much  skilL 
about  -25  per  oent.  Ume 
used,  to  give  fluidity  to 
well  skimmings.  Theme' 
matte  passes  below 
tuyers  and  settles  in  the  i 
to  a  depth  of  30  in. 
blast  is  regulated  to 
the  matte  on  a  level 
the  lip  6,  from  which  i 
occasionally  drawn, 
slag  contains  4-5  per 
copper,  and  is  returned  to  the  blast  furnace,  where  it  acts  as  a 
to  tne  charge  and  gives  up  its  metal.  A  fiimace  5  fL  diam«  ouf 
requires  2  men,  and  will  melt  about  30  tons  matte  a  day,  snppl;^ 
3  converters.  The  launder  ^  is  of  wrought  iron,  semioircalar 
section,  12.  in.  diam.,  and  supported  from  a  swinging  crane  by 
tackle. 

The  converters  (Fiff.  123)  are  swung  on  trunnions  a,  one  oommi 
nicating  with  a  wind-chest  h  encircling  the  converter,  and  tha 
admitting  the  blast.     The  converter  is  in  3  sections  of  ^  in.  rivets 


Fio.  122. — Bbmelting  Fubnaoe,  Ooppbb. 
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onghi-iron  boiler  plate:  the  upper  Bection  or  hood  has  inside 
merouB  wronght-iron  crooks  e,  riveted  on,  which  afford  a  hold  for 
)  lining.  The  wind-chest  has  f  in.  holes  drilled  from  outsidelthrongh 
outer  ahell  and  on  through  the  side  of  the  converter.  The  outer 
le  18  kept  closed  by  an  easily  removable  wooden  plug,  so  that  the 
ler  tuyer  hole  can  be  kept 
ar  from  copper  incrustation  by 
ustixig  an  iron  rod  through  the 
e  into  the  interior  of  the  con- 
ier.  The  mouth  of  the  cen- 
ter is  about  one-quarter  the 
side  diameter  of  the  body,  and, 
BQ  in  position,  points  up  into 
opening  in  a  brick  gallery, 
ten  oommtmicates  with  a  dust- 
mber  and  stack.  A  worm- 
rw  operated  by  power  takes 
>  a  cog-wheel  20  in.  diam. 
kched  to  one  trunnion  of  the 
verter;  it  can  be  worked  in 
ler  direction  by  pulleys.  The 
r  all  around  tne  converters 
ormed  of  iron  plates,  because 
he  occasional  spitting  of  matte 
1  the  converters,  and  the 
ping  over  of  slag  or  copper, 
poxiring  and  wheeling.  On 
,  the  hot  liquid  quickly  chills ; 
MB  not  adhere  to  the  plates, 
be  quickly  shovelled  aside. 


^1    \ . . 

\ri T  *  •  r  M 


Fio. 


123.— CopraB  CovTutTEB: 
Pabbot. 


VHien  the  converter  lining  is  eaten  out,  the  first  business  is  to 
it :  it  is  allowed  to  rest  until  the  red  heat  has  disappeared,  and 
L  vrater  is  very  cautiously  introduced  through  a  rubber  hose; 
r  a  time  the  whole  interior  is  filled  with  water,  which  overflows, 
I  over  the  exterior,  and  escapes  through  a  trap  and  drain  under 
iron  floor.  When  the  converter  is  cool  enough,  the  water  is 
tied  oat,  and  a  man  goes  inside  to  remove  all  loose  lining  and 
»er  nuggets  with  a  pick,  or  with  hammer  and  gad ;  it  is  then 
ed  month  down  and  emptied.  Frequently  more  man  hidf  the  old 
ig  remains  undisturbed,  and  the  new  lining  is  placed  over  it. 
Unin^  is  composed  of  ground  quartz  (98-100  per  cent,  silica), 
L  sufficient  fire-clay  to  make  it  stick  together ;  less  ^n  15  per 
.  best  fire-day  does  not  satisfactorily  keep  the  lining  in  its  place ; 
ding  is  done  in  a  revolving  quartz-pan  with  stationary  rollers, 
mixing  by  a  machine  simili^  to  an  old-fiashioned  clay-mixer  for 
vn%  brick.  Composition  of  lining  in  bottom  and  sides :  crushed 
^tK  (^99  per  cent,  silica),  coarse  and  fine,  20  parts  by  bulk ;  best 
sl^y,  3  ;  for  converter  hood  :  fine  crushed  quartz,  6  parts  by  bulk  ; 
fixe-clay,  1 ;  for  remelting  famace  and  well,  and  for  launder, 
»  mm  for  converter  bottom  and  sides.  This  lining  is  meant  to  wear 
^  ;  in  fact,  the  process  depends  upon  the  union  of  its  silica  with 

2  o  2 
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the  oxide  of  iron.  The  linings  last  generally  about  8  honrs.  Wben 
the  converters  are  running,  one  is  oooling  while  the  second  is  diyiDir 
out  and  being  heated  up,  and  the  third  is  in  full  blast,  prodncbg 
metal.  In  each  shift  of  12  hours,  the  lining  of  the  3  oonvertera  is  pa- 
formed  by  one  liner  and  his  helper.  When  the  lining  of  one  k 
completed,  a  ladleful  of  hot  slag  is  poured  in,  an  armful  of  wood  % 
thrown  on  it»  and  on  top  of  this  2-3  bush,  coke;  a  gentle  blast i 
turned  on  through  the  tuyer  holes,  the  lining  dries  out  and  after- 
wards gets  red-hot,  and  the  converter  is  ready  for  charging.  A  maa 
then  shifts  the  belt,  so  that  the  converter  turns  on  its  tnumioa 
through  an  angle  of  90°,  until  its  mouth  points  toward  and  a  littk 
below  the  tap-hole  of  the  remelting  furnace- well.  The  launder  i 
swung  into  place,  and  lowered  by  the  chain  tackle  until  its  free  ed 
is  thrust  into  the  converter  mouth.  A  helper  to  the  lower  cnpdi 
man  holds  an  iron  rod,  1  in.  diam.  and  5  ft.  long,  at  the  t&pit^ 
while  the  cupola  man  drives  it  with  a  sledge.  This  is  sometime 
quite  a  task,  as  the  accumulation  of  chilled  metal  around  tlie  t^-bd 
may  require  the  rod  to  be  driven  in  2  ft.  before  the  liquid  metal  i 
reached.  When  the  rod  slips  in  easily,  on  reaching  the  liquid  meti 
the  helper  hooks  a  close-fitting  iron  on  the  rod  close  to  a  knob  at  ii 
outer  end,  and  a  reverse  blow  of  the  sledge  jerks  the  rod  out,  t) 
helper  landing  it  out  of  the  way  by  means  of  the  hook  iron.  Ti 
molten  matte  then  spurts  out  with  gi*eat  energy,  under  the  preasai 
of  about  6  lb.  to  the  sq.  inch.  It  is  allowed  to  run  along  the  laxmA 
into  the  converter  for  about  10  minutes,  that  is,  until  about  2  t« 
have  entered.  As  the  converter  begins  to  fill,  a  light  blast  is  tnnu 
on  to  keep  up  the  heat.  At  a  signal  to  shut  off,  the  cupola  man  plaa 
a  sheet-iron  shield  over  the  launder  so  as  to  cover  it  for  a  distance « 
4-5  ft.  from  the  tap-hole  downward,  in  order  to  protect  himself  fra 
the  intense  heat  to  which  he  is  exposed  while  plugging  the  bol 
The  plugging  is  done  in  the  usual  way,  by  placing  a  pyramid  of  ai 
clay  on  a  disc  upon  the  end  of  a  rod  and  thrusting  it  into  the  tap-bci 
The  launder  is  then  swung  out  of  the  way,  the  air  is  turned  on  fi 
blast,  and  the  converter  is  brought  upright  with  its  month  pointa 
into  the  opening  in  the  dust-gaUery.  A  dense  cloud  of  sulphmd 
acid  and  other  gases  pours  out  of  the  mouth  of  the  converter  witk 
noise  like  a  heavy  waterfall.  The  air-blast  enters  under  an  inio 
pressure  of  8  to  12  lb.  per  sq.  in.  (the  higher  pressure  being  lai 
desirable).  It  is  produced  by  a  compound  direct-acting  pum^ 
blower  of  the  Corliss  type. 

From  this  stage  onward  no  fuel  is  used,  the  heat  being  supp^ 
by  the  combustion  of  the  sulphur  in  the  matte.  It  sometimes  happd 
however,  either  from  the  initial  temperature  being  too  low,  or  fa 
there  being  too  small  a  charge,  that  the  combustion  of  the  snlf^ 
fails  to  keep  up  the  heat  toward  the  end,  and  in  this  case  a  stick 
wood  is  thrown  in.  The  air  enters  the  mass  about  6  in.  above  i 
bottom  of  the  lining.  Its  first  action  is  to  replace  the  sulphur 
combination  with  iron  by  oxygen,  and  to  oxidise  this  sulphur  to  i 
phurous  acid  gas.  This  double  reaction  is  shown  in  the  eqiuii 
2PeS  -h  3O2  =  2FeO  -h  2SO2.  The  iron  oxide  is  brought  toward  i 
sides  by  the  action  of  the  currents  of  air,  where  it  com^  in  ccsi 
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ih  the  incandesoetit  quartz  lining,  and  oombines  with  it  to  form  a 
dlicate  of  iron,  which  floats  as  a  top  layer.  This  action  is  shown 
the  equation  FeO  +•  SiO^  =  FeSiOj.  The  composition  of  the  slag 
OS  formed  varies  considerably  with  different  charges.  It  sometimes 
[>W8  a  few  per  cent,  more  SiOs  than  Fe,  as  indicated  by  the  formula, 
t  it  usually  contains  rather  more  iron  than  silica,  thus  showing 
tt  there  is  a  small  amount  of  the  unisilicate  formed.  There  are 
K)  small  percentages  of  the  silicates  of  lime  and  alumina. 

This  stage  of  the  process  is  characterised  by  dense  white  clouds, 
iged  with  rose  and  green.  The  rose  tint  first  disappears  and  the 
dte  gradually  diminishes,  while  the  green  becomes  more  constant, 
oally,  the  close  of  this  stage  is  indicated  by  both  the  white  and 
sen  changing  to  a  pale  blue.  When  this  change  has  become  per- 
cent, it  indicates  that  the  iron  is  entirely  combined  with  the 
ica. 

The  blast  is  now  shut  off,  the  slag-pots  are  run  under,  and  the 
Bverter  is  turned  over.  While  the  slag  is  poured  off  in  a  thin 
stm  the  skimmer  tests  the  stream  by  rasping  it  with  a  long  skim- 
ng-rod,  which  causes  the  fluid  to  spatter  in  all  directions.  When 
» behaviour  of  the  fluid  exhibits  the  characteristic  jump  of  white 
ital,  thus  showing  that  some  of  this  is  escaping  with  the  slag,  the 
immer  orders  the  converter  up  a  few  inches,  ana  after  lightly  skim- 
ng  the  charge,  he  turns  on  the  blast,  and  orders  the  converter 
light  up  as  before.    Before  the  converter  gets  up  to  its  old  position, 

the  white  metal  obtained  from  the  slag-pots  and  the  scraps  of 
pper  swept  up  from  the  floor  are  thrown  into  the  charge.  Each  of 
B  slag-pots  wnich  has  just  been  flUed  is  found  to  contain  when  cold 
mtton  of  white  metal  near  the  bottom.  These  buttons  are  easily 
Mrated  from  the  slag  by  a  blow  of  the  sledge,  and  are  thrown  into 
nequent  charges  at  the  same  stage  of  the  process.  The  slag  con- 
118  3-5  per  cent,  copper,  and  it  is  sent  back  to  the  blast-furnace  in 
Bpany  with  the  skimmings  of  the  cupola-wells  before  described, 
te  converter  now  contains  nothing  but  white  metal,  as  the  iron, 
le,  and  alumina  have  been  slagged  off,  and  the  lead,  zinc,  arsenic, 
d  antimony  volatilised. 

During  all  the  period  of  blast,  the  wooden  plugs  in  the  wind- 
Mt  are  extracted  one  after  another,  and  the  corresponding  tuyer 
iee  are  kept  clear  by  rods,  which  are  hammered  into  the  converter, 
is  necessary  to  do  this  continuously,  on  account  of  the  rapidity  with 
uch  noses  of  copper  form  over  the  tuyer  holes,  ^especially  towards 
B  close.  After  the  blast  has  again  been  turned  on,  and  the  second 
1^  commenced,  a  rather  scanty  blue  flame,  sometimes  mixed  with 
^te,  comes  away  from  the  converter.  Thijs  colour  changes  gradu- 
ly.  First  the  blue  and  white  lessen  and  a  rose  colour  creeps  in, 
itQ  thev  disappear.    The  rose  then  deepens  to  red  and  afterwards 

reddish-brown ;  at  the  same  time  its  size  gradually  contracts  until 

the  dose  only  a  thin,  sharp  tongue  of  flame  is  to  be  seen.  The 
iBcise  moment  when  the  suljmur  is  all  gone  and  nothing  but  metallic 
pper  left  is  hard  to  prescriba,  as  it  is  entirely  a  matter  of  experienoe. 
^  colour  of  the  flame  often  varies  in  shade,  and  sometimes  entirely 
appears  at  the  mouth.    The  changes  from  sulphide  to  copper,  and 
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X'n  from  oopper  to  oxide,  are  so  very  slight  in  appearance  tlut  tl 
le  charge  may  actually  be  oxidising,  and  give  no  sign  until  ti 
oopper  is  too  cold  to  pour.  Snch  a  mishap  has  sometimes  oocnm 
and  has  created  an  enormous  amount  of  work ;  in  fact,  if  such  \ 
event  happens  when  the  converter  is  pretty  well  worn,  it  would  see 
most  profitable  to  cat  the  rivets  and  take  it  to  pieces.  If^  wlusn  i 
flame  shows  the  process  to  be  nearing  its  close,  the  sparks  which  t 
projected  against  the  plate  on  the  farther  side  of  the  dosi-galkr;  t 
carefully  watched,  it  will  be  seen  that  some  of  them  stick  to  ti 
plate,  glow  brightly,  and  instantly  disappear,  while  others,  of  ih 
colour,  rebound  from  the  plate  like  red-hot  shot.  When  those  whi 
stick  and  glow  become  few,  and  those  which  rebound  become  noiK 
ous,  it  is  time  to  pour. 

If  it  be  an  object  to  get  a  very  high  per  cent,  of  oopper,  it 
better  to  allow  a  small  amount  of  oxide  to  form ;  but  care  must 
taken  that  the  charge  remains  hot  enough  to  pour  easily.  < 
turning  down  the  converter,  the  colour  of  the  interior  will  ^low 
the  experienced  eye  whether  there  is  sufficient  heat  present  in  i 
mass.  If  the  sulphur  is  not  entirely  gone,  the  surDEUse  will  be  smool 
but  if  any  oxide  nas  formed,  it  will  be  seen  floating  on  top  as  a  bleU 
mass.  This  cannot  form  so  long  as  there  is  any  sulphur  remainii 
In  the  pouring  process  the  oxide  is  kept  back  by  throwing  a  di 
compost  of  a  few  pieces  of  scrap  copper  £rom  the  floor,  acnas  t 
converter  mouth.  The  copper  flows  out  underneath  this  dam,  and  t 
oxide  is  left  inside  the  converter.  This  remaining  oxide  does 
harm,  and  is  not  lost ;  for  as  soon  as  the  new  chai^  is  put  in,  % 
reduced  back  by  the  sulphur  in  the  matte. 

A  great  deal  of  copper  and  oxide  adheres  to  the  lining,  so  tl 
when  a  converter  is  to  be  lined,  tbe  best  practice  is  to  wash  it  oat 
running  into  it  as  much  matte  as  will  fill  a  couple  of  slag-pots,  ti 
on  the  blast  a  few  minutes,  and  then  turn  out  the  whole  charge  b 
the  pots.  The  clinging  particles  of  copper  and  oxide  are  thus  <£an| 
back  into  white  metal,  and  as  this  readily  pours,  the  old  lining  isj 
quite  clean.  This  practice,  however,  is  not  followed  when  ^  i 
verters  are  crowded  with  work  and  the  blast-fumaoee  are  not  ^ 
the  lining  has  become  so  eaten  that  a  clean  sweep  is  to  be  made  d 
the  entire  mass  is  taken  out  and  distributed  among  some  of  the  b^ 
furnace  charges.  This  is  done  because  the  copper,  silver,  and  ^ 
work  into  it  for  4-5  in.  and  would  be  otherwise  lost. 

When  a  converter  is  ready  to  pour,  a  series  of  removable  nKffj 
arranged  on  a  wheeled  car  are  run  under  it,  and  4  men,  with  L 
hooks,  roll  this  truck  forward  or  backward  to  catch  the  stream  in 
successive  moulds.    As  the  copper  shrinks  very  greatly  in  coohi 
3  or  4  moulds  are  first  filled,  and  then  the  frame  is  run  back  ai»i  d 
are  re-filled,  till  each  may  contain  about  200  lb.  copper.     The  ©« 
are  previously  daubed  with  a  clay  mud  to  prevent  the  ]ag» 
sticking  to  them.    A  charge  produces  about  a  ton  of  metaL 
time  occupied  varies  very  greatly  with  tbe  grade  of  the  matte,  L 
temperature,  and  force  of  blast,  but  the  average  time,  from  fills 
pouring,  may  be  put  at  about  2  hours.    With  a  low-grade  matte, 
slag  has  been  formed,  the  converter  is  sometimes  again  filled  up 
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latte  to  avoid  having  at  the  close  too  small  a  mass  of  metal  to  retain 
be  heat.  The  pigs  rapidly  become  coated  with  oxide  as  they  cool, 
rhich  gives  them  the  name  of  black  copper.  The  fragments  are 
oonded  off  from  the  edges,  and  they  are  ready  for  shipment. 

Estimate : — 1  ton  51  per  cent,  matte  requires :  coke  for  remelting, 
20  lb. ;  coke  for  heating  converter,  10  lb. ;  silica,  666  lb. ;  fire-clay, 
11  lb. ;  lime,  5  lb.    A  plant  of  3  converters  and  1  remelting  furnace 

capable  of  treating  continuously  25  tons  51  per  cent,  matte  a  day, 
id  may  be  crowded  up  to  30  tons.  There  are  2  shifts  of  12  hours 
«b ;  day  and  night  shifts  change  men  twice  a  month ;  labour 
quired  per  shift :  1  foreman  at  20«.,  2  cupola  men  at  15«.,  1  liner  at 
t«.,  1  skimmer  at  148.,  7  labourers  at  12^. — ^total,  82.  2«.  This  gives 
e  coet  per  day  of  two  .shifts,  162.  4«.  If  6  converters  are  run 
gether  with  2  remelting  famaces,  the  total  cost  of  labour  is  some- 
bat  diminished,  as  follows :  2  foremen  at  20«.,  6  cupola  men  at  158., 
liners  at  148.,  4  skimmers  at  148.,  28  labourers  at  128.— cost  per  day, 
1  4#«  If  the  capacity  of  6  converters  be  crciwded  up  to  60  tons  per 
7,  the  force  must  be  increased  for  both  shifts,  thus:  2  foremen, 
Mipola  men,  4  liners,  4  skimmers,  36  labourers — cost  per  day,  352. 48. 
le  seoond  case  gives  the  lowest  price  for  labour  per  ton,  but  is  only 
ssible  where  the  two  remelting  furnaces  are  so  situated  as  to  allow 
one  cupola  man  above  attending  to  both.  Labourers  act  as  helpers 
aU  skilled  workmen,  and  shift  about  as  needed,  except  a  few  who 
»  aasigned  to  definite  duties. 

Cost  of  treatment  per  ton  of  matte  at  Butte:  labour,  2*93  dol. 
U.  2d.);  fuel,  0*98  doL  (48.  1(2.);  silica  and  fire-clay,  1*84  dol. 
,  SA);  blast,  0-90  dol.  (38.  9(2.);  total,  6-65  doL  (278.  8(2.).  To 
s  must  be  added  interest  on  investment  and  on  the  expense  account 

30  days,  between  shipment  and  marketing;  at  10  per  cent,  per 
inm  this  will  amount  to  an  additional  13  cents  (6^.)  per  ton; 
aire  and  renewals  will  add  another  13  cents  per  ton,  giving  a  total 
6-91  doL  (298.  10(2.)  per  ton  of  matte,  or  13-55  doL  (568.  6(2.)  per 

of  copper.  The  price  of  fuel  is  based  on  ooke  laid  down  at 
O  doL  (348.)  per  ton. 

Tlie  cupola  shaft  at  the  Parrot  works,  Butte,  has  been  water- 
ceted:  this  is  a  very  decided  and  obvious  improvement,  readily 
geeted  by  blast-furnace  practice.  The  metal-well  has  also  been 
;er-jacketed ;  this  is  not  so  evident  an  improvement,  because  the 
^te,  when  sometimes  kept  a  long  time  in  the  well,  owing  to  some 
\y  in  the  converters,  gets  chilled  to  a  great  depth  about  the  tap- 
^  and  bottom.  The  lining  of  the  well,  as  before  practised,  would 
n  to  be  the  better  plan. 

Converters  have  been  made  of  f-in.  cast-iron,  in  3  sections,  sepa- 
Le  Trhen  bolts  around  the  edges  are  removed.  These  converters  are 
crvable  from  their  trunnions,  and  are  handled  by  a  car  and  crane. 
en  the  lining  is  to  be  repaired,  the  converter  is  removed  by  run- 
^  a  car  under  it.  The  car  is  provided  with  4  adjustable  platform- 
wn^  which  are  screwed  up  until  they  impinge  upon  4  projections 

upon  the  side  of  the  converter.  The  trunnion  screws  are  then 
eoed  and  removed,  and  the  converter  is  run  out  on  a  track,  where 
9«am-crane  picks  it  up  and  sets  it  on  the  floor.     The  3  sections  are 
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then  separated  by  unscrewing  the  bolts  around  the  circumferaice, 
and  the  interior,  thus  exposed  to  the  air,  soon  cools  sufficiently  for 
relining.  Meanwhile  another  extra  converter,  which  has  been  pre- 
viously relined,  is  put  up  in  the  place  of  the  one  just  removed,  lliis 
arrangement  requires  a  double  set  of  converters,  one  being  worked 
while  the  other  is  being  cooled,  relined,  and  heated  up  again.  The 
cooling  is  sometimes  effected  by  a  blast  of  cold  air  passed  in  thrcmg^ 
the  trunnion,  and  the  same  blast  heats  it  up  again  when  a  fiie  is 
kindled  inside.  By  means  of  the  steam-crane  the  parts  are  easilj 
picked  up  and  put  together  after  relining.  The  arrangement  for 
turning  the  converters  consists  of  a  rack-and-pinion  wheel,  the  latter 
being  attached  to  the  trunnion,  and  the  rack  being  moved  by  a  pistoc 
in  a  water-cylinder.  The  water-pressure  is  furnished  by  a  doabk 
plunger-pump  and  a  hydi-aulic  accumulator. 

The  use  of  a  double  set  of  converters,  the  preparation  of  one  while 
its  mate  is  running,  the  opening  of  the  converter  for  relining,  vA 
the  handling  of  it  by  a  crane  are  great  advantages,  but  th^y  aR 
partially  offset  by  several  disadvantages  in  the  practical  method  ol 
carrying  out  the  idea.  The  use  of  cast-iron  is  of  no  advantage;  as 
the  contrary,  it  makes  the  converter  heavy  and  unwieldy,  and  tk 
mass  of  metal  absorbs  much  heat,  thus  prolonging  both  the  cooling 
and  reheating  operations.  Again,  the  cast-iron  cracks  very  soon  ii 
every  conceivable  direction,  and  frequently  2  weeks'  service  will  find 
several  bolt-holes  cracked  out.  Occasionally,  however,  one  will  be 
found  to  stand  the  wear  very  well.  The  work  of  separating  the  paitBi 
seemingly  so  simple,  is  sometimes  very  arduous,  for  the  reason  ^ 
the  lining  bakes  together  at  the  junction,  becomes  continuous,  and  ^ 
a  stone  hardness.  When  the  bolts  are  removed,  the  parts  refuse  ta 
budge,  and  much  time  and  hard  work  are  consumed  in  prying  ^ 
sections  apart,  to  the  frequent  injury  of  the  converter.  The  metW 
of  cooling  by  an  air-blast  is  not  so  expeditious  as  that  describd 
below.  By  making  the  converter  in  3  sections  instead  of  2,  moH 
time  and  strength  are  expended  in  separating  the  lower  sections  tki 
are  compensated  for  by  any  advantage  gained;  henoe  it  is  zai^ 
done.  The  two  lower  sections  had  better  be  in  one,  and  of  a  difiena^ 
shape,  to  facilitate  the  extraction  of  the  old  hard-baked  lining— <fc( 
most  serious  work  encountered  in  handling  the  process. 

Stickney  suggests  *  that  this  process  may  be  made  more  prodnctiTS 
at  less  expense,  by  certain  changes  in  the  machinery  and  the  meiia' 
of  handling  it.  The  most  obvious  drawbacks  at  present  are :  (1)  1^ 
waste  of  heat  io  cooling  the  matte  and  again  remelting  it;  (2)  til 
short  life  of  the  lining,  with  the  attendant  neoossity  of  cooling  4 
converter  and  heating  it  up  again ;  (3)  the  length  of  time  reqiii*^ 
to  cool  the  converter ;  (4)  the  difficulty  of  separating  the  parts  wba 
held  together  by  the  hard-baked  lining ;  and  (5)  the  great  amcmot^ 
hard  labour  required  to  extract  the  old  lining. 

By  arranging  the  blast-furnace  on  an  elevation  above  the  readi 
ing  furnace,  the  necessity  of  much  handling  of  the  matte  willll 
avoided.  In  such  a  case  the  matte  may  be  run  into  small  mouldiAi 
♦  *  Mineral  Industry,'  1893, 
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ow.     The  hopper  may 


size  of  hricks,  arranged  in  gangs  on  one  babe,  and,  as  soon  as  they 
cool  enongh  to  set,  they  may  be  shot  down  an  incline  to  a  small  iron 
bin,  which  has  a  small  opening  opposite  and  quite  near  to  the  feed- 
door  of  the  remelting  furnace.  From  this  bin  the  cupola  man  will 
feed.  The  mass  of  matte  will  therefore  enter  this  furnace  at  a  little 
lefis  than  melting  heat.  If  the  blast  is  at  any  time  producing  more 
matte  than  is  needed  at  the  remelter,  the  overplus  may  be  allowed  to 
cool,  and,  being  dumped  into  another  bin,  it  may  be  used  whenever 
the  blast  is  producing  less  than  the  remelter  requires.  In  this  way  a 
large  amount  of  fuel,  probably  one-third  of  that  now  used,  may  be 
taved.  It  must  not,  however,  be  forgotten  that  the  temperature  of 
the  matte  as  it  enters  the  converter  must  be  considerably  higher  than 
irhen  it  leaves  the  blast-furnace,  and  hence  the  remelting  furnace 
:amiot  be  done  away  with. 

The  duration  of  the  lining  may  be  greatly  prolonged  by  placing 
m  iron  hopper  with  an  air-tight  cover  above  the  trunnion  of  the 
inverter,  forming  a  communication  between  the  hopper  and  the 
'last-pipe  by  a  vertical  pipe  entering  the  latter  at  a  point  near  its 
utrance  to  the  converter.  The  vertical  pipe  should  have  a  gate 
tadly  closed  and  opened  by  the  workmen 
»  filled  with  perfectly  dry 
nd  powdered  quartz,  or 
rith  any  powdeied  quartz 
re  which  contains  no  metals 
xoept  gold  and  silver.  A 
ery  small  percentage  of 
opper  might  not  be  detri- 
lental.  By  a  judicious  regu- 
ition  of  the  supply  turned 
ito  the  blast-pipe,  so  that 
be  quantity  shall  be  slightly 
elow  the  needs  of  the  oxid- 
ing  iron  in  the  matte,  the 
ning  will  bo  called  upon 
>r  but  little  silica,  and  its 
fe  will  thus  be  very  greatly 
rolonged. 

The  converters  may  be 
>oled  much  more  quickly  by 
ttroducing  a  cold  spray, 
roduced  by  inserting  a  small 
r  blast-pipe  into  a  water 
tpply  pipe  near  its  end. 

J3ut  a  more  important  sug- 
»tion  is  to  modify  the  con- 
raotion  of  the  converter,  as 
town  in  Fig.  124.  It  is  made  of  A-^*  ^teel  boiler  plate,  riveted, 
LO  body  in  one  piece  and  the  hood  in  another,  the  two  being 
parable  by  driving  out  wedges  from  dogs  on  the  outer  rim.  The 
aiii  body  tapors  downward  about  1  in.  in  1  ft.    False  bottom  and 
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FiQ.  124.— Ck)ppiB  Contebteb:  Stioknet. 
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sides  are  made  in  pieoes  of  ^in.  sheet  iron.  The  hood  ia  of  tiu 
same  material,  and  has  no  falsia  lining,  but  pins  near  the  lower  edg<e 
and  at  intervals  over  the  inside  (kept  in  plaoe  by  a  small  shonldei 
inside  and  a  wedge  outside  fitting  into  a  slot  in  the  part  of  the  pii 
that  projeots  through  the  converter  shell)  take  the  place  of  the  catdio 
and  hold  the  overhanging  roof  of  the  converter  in  place.  When  it  i: 
desired  to  remove  the  lining,  the  outside  wedges  can  be  quickl.^ 
driven  out,  and  the  pins  driven  inward  through  the  lining. 

The  lining  is  put  in  place  in  the  following  manner:  The  fids 
bottom  and  sides  are  fii^t  polished  with  graphite  and  placed  ii 

Sosition.  The  bottom  is  pounded  hard  with  lining  composition  to : 
epth  of  18  in.  A  kettle,  which  has  been  made  of  |-in.  boiler-iron 
2j^  ft.  diam.  on  the  bottom,  4  ft.  high,  expanding  at  a  8omewh& 
greater  rate  than  the  converter  shell,  and  perfectly  smooth  on  th 
outside,  with  handles  at  the  top,  is  set  on  the  pounded  quartz  bottoo 
exactly  in  the  centre  of  the  converter,  and  the  uning  is  then  shovellei 
in  and  pounded  hard  around  it.  Afterward  the  kettle  is  lifted  on 
by  a  crane,  and  a  cavity  is  left  in  the  centre  of  a  strong  wall  linin; 
about  15  in.  thick  at  bottom  and  12  in.  at  top.  This  wall  extends  u] 
flush  with  the  top  edge  of  the  main  body.  The  top  of  the  wall  al 
around  is  then  sanded  with  fine  dry  sand.  The  hood,  having  its  pin 
in  place,  is  turned  hollow  side  up  and  is  plastered  with  lining  com 
position  to  a  depth  of  12  in.  at  the  edge,  gradually  diminiahing  U 
3  in.  around  the  mouth.  The  hood  is  then  picked  up  by  the  csrane 
turned  upright,  and  placed  on  the  body.  The  flanged  edges  ai< 
secured  together  by  dogs  and  wedges,  and,  after  being  heated,  tlu 
converter  is  picked  up  by  the  crane,  landed  pn  the  carriage,  and  rolled 
to  its  place.  When  relining  is  necessary,  the  converter  is  landed  <h 
the  floor,  and  the  hood  is  detached  by  knocking  out  the  wedges,  whei 
the  sanded  (or  graphite  may  be  tuBed)  junction  in  the  wall  will  giY< 
an  easy  line  of  fracture.  The  crane  lifts  the  hood  and  places  i 
upright  on  an  iron  frame  8  ft.  high  and  hollow  beneath.  The  pa 
wedges  are  knocked  out  and  the  pins  are  driven  inward  through  thi 
lining  with  a  heavy  sledge,  by  which  the  lining  is  broken  up  and 
detached.  The  hood  lining  lasts  a  long  time,  but  must  be  removed 
when  it  builds  up  and  chokes  the  converter. 

The  body  is  next  turned  by  the  crane  on  its  side,  then  completeh 
upside  down,  and  suspended  at  1-2  in.  from  the  floor.  If  the  whoH 
lining  with  the  false  sides  and  bottom  together  does  not  drop  out,  i 
few  taps  on  the  sides  will  produce  this  result.  The  side  and  bottoi^ 
pieces  are  easily  detached  separately  by  jarring,  and  then  the  whoh 
lining  may  be  picked  up  by  the  crane  and  pitied  in  an  iron  mortal 
to  be  broken  up  by  a  heavy  chunk  of  iron  being  dropped  on  it.  Thj 
unbumed  pieces  may  then  be  returned  to  the  quartz  pan  for  regrinl 
ing  and  mixing  with  new  composition.  The  pieoes  badly  coated  a]|| 
impregnated  with  copper  should  be  sent  to  the  blast-furnace. 

The  time  and  labour  saved  by  this  construction  of  converter  i 
its  manipulation  can  hardly  be  estimated  by  one  who  has  not  i 
nessed  the  daily  struggles  of  workmen  with  hard-baked  linings 
the  old  styles  of  converters.    By  dumping  the  old  lining  while  ho 
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DO  time  need  be  lost  in  oooling  by  any  syBtem*  as  the  thin  steel  shell 
maj  be  sprayed  and  cooled  sufficiently  for  relining  in  a  very  few 
miniites. 

Argning  from  the  great  advantages  which  ensue  from  the  replace- 
ment of  the  ordinary  silicious  linings  of  steel-melting  furnaces  by  a 
liiilDg  composed  of  basic  material,  when  phosphoric  pig-iron  has  to 
be  converted,  it  might  reasonably  be  expected  that  the  substitution 
of  a  basic  lining  for  the  silicious  lining  hitherto  employed  in  copper- 
smelting  furnaces,  should  also  be  followed  by  similarly  advantageous 
results,  especially  when  the  cupriferous  material  to  be  treated  contains 
any  notable  percentage  of  arsenic  or  antimony.    Operations  in  this 
direction  have  been  very  successfully  carried  out  at  a  large  English 
smeltine  worl&,  and  described  at  length  by  P.  C.  Gilchnst.*    The 
roaster  mmacee  have  cast-iron  bottom  plates,  underneath  which  a  free 
current  of  air  circulates ;  by  this  means  the  bottom  of  the  furnace  is 
kept  cool ;  it  likewise  prevents  the  possibility  of  any  fusing  action 
taking  place  between  the  basic  hearth  and  its  support,  which  might 
be  the  case  were  the  basic  hearth  built  directly  upon  the  ordinary 
silica  arch.    The  basic  material  is  ground  and  mixed  with  tar  in  the 
nsoal  way,  and  the  furnace  bottom  is  formed  by  throwing  this  material 
into  the  hot  furnace  and  burning  it  on  in  layers,  well  beating  down 
each  separate  layer,  and  giving  it  fire  for  some  hours  before  applying 
a  fresh  layer.    It  usually  takes  4-5  days  to  bum  on  a  bottom  in  this 
way.    When  the  bottom  is  properly  shaped,  it  should  be  seasoned  by 
melting  on  it  some  rich  copper  precipitate  or  good  blister  copper. 
It  was  at  first  considered  that  the  basic  hearth  absorbed  less  copper 
tban  the  ordinary  sand  ones,  but  there  appears  to  be  very  little,  if 
UDy,  diflferenoe  between  them,  much  depending  on  the  way  the 
bottom  is  formed  and  seasoned.    The  tap-hole  of  the  furnace  is  shut 
by  throwing  a  little  basic  material  against  it  from  the  inside.    In 
)ther  respects  the  working  of  the  furnace  is  conducted  in  the  usual 
Mray.    After  each  charge  any  slight  repairs  that  the  banks  may 
require  are  made  by  throwing  some  basic  material  against  the  place 
leeding  repair;  the  repairs  required  are,  however,  very  slight  in 
XMDparison  with  an  acid  furnace,  the  tendency  being  for  the  furnace 
janks  to  ^row  rather  than  to  cut  away. 

The  naineral  used  is  arsenical,  and  although  in  the  crude  ore  the 
rsenio  is  not  high,  yet  when  the  ore  is  allowed  to  oxidise  in  heaps, 
nd  the  copper  is  afterwards  precipitated  from  the  solution  obtained 
>j  lixiviating  the  ore,  arsenic  is  concentrated  in  the  precipitated 
opper  to  a  considerable  extent,  the  resulting  precipitate  usually  con- 
aining  3-3j^  per  cent  Very  large  quantities  of  tnis  precipitate  are 
reatecL  It  is  added  to  the  mixture  of  slag  and  metal  charged  into 
be  smelting  furnace,  and  according  to  the  amount  of  precipitate  so 
dded  to  the  charge,  more  or  less  of  the  product  tapped  from  the 
melter  consists  of  impure  copper,  known  as  '*  metallic  bottoms."  An 
vera^  analysis  of  these  bottoms  gives  83-87  per  cent  ooppeo*,  5-7 
rsenic,  1-3  sulphur,  3-5  lead,  \  each  iron  and  silica.  It  is  in  the 
mversion  of  tnese  bottoms  into  blister  copper  containing  under 
*  Paper  read  before  Soc  Ghem.  Ind.,  London  section,  Jan.  5, 1891. 
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1  per  oent.  arsenic  that  the  basic  linings  have  proved  so  superior,  as 
illustrated  by  the  following  example : — 


BuicLlniag. 

SiUcaLiBlBg. 

tofw  cwt.  qr. 

tuwi  evt.  qr. 

Metallic  bottoms  osed  during  12  weeks 

400  10     U 

400  10    0 

AyeraKO  analysis  84*52  per  cent  copper  and 

5*91  arsenic 

59  charges  made,  averaging  per  charge 

Blister  copper  prodaced  from  same 

6  15     1 

6  15    1 

323    6    2 

191   15    0 

Ayerage  produce  per  charge       

5    9    2 

3     5    0 

Average  arsenic  1*11  per  cent 

Slag  made  ftom  above  charges 

102  16    3 

221  15    0 

Average  weight  per  charge         

1  14     3 

3  15    0 

Average  copper  percentage 

Time    occupied    per    charge,    including    fettling, 

25  per  cent. 

55  percent 

charging;  &c      

29}  hours 

SShoon 

Calculating  from  the  above  figures,  we  find  that  taking  the  real 
copper  in  the  ** metallic  bottoms"  at  84* 6  per  cent.,  and  the  real 
copper  in  blister  at  98*5,  there  was  obtained  in  the  form  of  blister 
94  per  oent  of  the  real  copper  from  the  basic  furnace,  and  56  per 
oent.  of  the  real  copper  from  the  acid  furnace,  showing  a  gain  of 
38  per  cent,  in  favour  of  the  basic  furnace.  The  real  copper  in  the 
slag  works  out  to  25  tons  14  cwt.  from  the  basic  fumaoe,  and 
121  tons  19  cwt.  from  the  acid  furnace. 

At  Deville,  near  Rouen,  for  refining  arsenical  copper,  the  usual 
silicious  lining  is  replaced  by  a  basic  bottom,  for  which  a  basque 
of  lime  and  tar  is  employed.  Every  operation  of  refining  is  per- 
formed on  a  false  bottom  of  limestone,  mixed  with  manganese 
peroxide,  on  which  the  ingots  are  placed.  The  false  bottom  gives  off 
carbonic  acid  and  oxygen,  and  these  traverse  the  half-melted  copper, 

Euddling  and  oxidising  it  When  the  bath  is  sufficiently  liquid,  the 
me  and  manganese  protoxide  rise  through  the  copper  and  dissolTo 
the  arsenic  acid,  which  thus  passes  into  the  cinder.  About  80  per 
cent,  of  the  arsenic  is  removed.  To  drive  off  the  last  trace,  the  copper 
is  left  to  become  past^  under  a  current  of  air,  and  then  again  melted 
with  basic  fluxes  until  it  is  completely  purified.  The  following  is  an 
example  of  an  operation  on  a  sample  of  copper  from  Eio  Tinto : — 


Copper  charged  in    .. 
After  first  melting     .. 
After  second  melting 
After  third  melting   .. 


Arsenic. 


percent. 
0-789 
0-141 
0113 
0023 


Iron. 


per  oenC 

0*320 

0022 

trace 

none 


This  process  does  away  with  the  roasting  of  the  ore,  and  the  abseno»| 
of  silica  diminishes  the  loss  of  copper  in  the  cinder. 

The  "  direct "  method  *  of  producing  refined  copper  is  baoed  upon 
the  well-known  reaction  between    oxide  and  sulphide  of  copper 

*  0.  Yautin,  Trans.  Inst.  Min.  and  Met.,  ii.  76. 
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npon  their  being  melted  together,  sulphurous  anhydride  being  given 
on,  and  metallic  copper  remaining,  which  is  directly  refined  in  the 
fnrnaoe  in  which  it  is  produced.  White  metal  is  the  product  pre- 
ferred for  the  operation,  crushed  through  a  f-in.  screen ;  part  is  cal- 
cined nearly  sweet,  mixed  with  the  requisite  proportion  of  uncalcined, 
and  filled  into  a  refinery  furnace,  melted,  skimmed,  refined,  and  ladled 
into  ingots,  cake,  «&c.,  as  may  be  required,  the  operation  of  melting 
and  refining  taking  the  same  time  as  if  a  charge  of  pimple  or  blister 
copper  were  operated  on.  This  method  has  been  working  continuously 
at  the  Cape  Copper  Co.'s  Works,  Briton  Ferry,  since  December  1890. 
The  white  metal  treated  is  produced  in  the  usual  way  in  Welsh 
reverberatory  furnaces,  and  averages  about  75-76  per  cent,  copper. 
The  whole  is  crushed  in  rolls,  and  part  is  calcined  in  old-type  rever- 
beratory calciners,  which  put  through  3J  tons  every  36  hours,  and 
in  a  revolving  calciner  of  the  Oxland  and  Hockin  type,  which  puts 
through  about  10  tons  a  day,  running  continuously,  and  calcining 
much  better. 

The  calcined  metal  is  sampled,  and  the  sample  is  mixed  with  a 
portion  of  raw  metal,  is  melted  in  a  crucible,  and,  from  the  result 
of  this  trial,  the  proportions  of  the  refinery  charge  are  determined. 
If  the  button  of  copper  is  covered  with  slag,  then  the  proportion  of 
raw  material  must  be  increased,  or,  if  the  button  is  coarse  or  covered 
with  regule,  it  requires  more  calcining,  the  pitch  aimed  at  being  just 
below  blister  copper  when  the  whole  charge  is  melted.  The  weighed 
proportions  of  raw  and  calcined  metal  are  now  mixed  for  a  15-ton 
charge,  say,  9  tons  revolver  calcined  and  6  tons  raw,  or  11  tons  rever- 
beratory calcined  and  4  tons  raw.  The  mixed  charge  is  filled  into  the 
refinery  whilst  it  is  still  hot  from  the  previous  ladling ;  the  furnace 
.s  closed  up  and  fired.  In  4-5  hours  the  charge  softens  and  flattens 
iown,  copper  forming  on  the  surface,  and,  as  this  hot  copper  penetrates 
he  charge,  a  gentle  yeast-like  working  takes  place,  dense  fumes  of  SOj 
ire  given  off,  so  much  so  that  the  furnace  flue  is  often  inadequate  to 
any  them  off  quickly  enough,  and  they  force  out  through  every 
Tack,  the  heat  produced  by  3ie  chemical  reaction  aiding  the  reduc- 
ion.  The  whole  charge  is  quickly  melted  down,  and  very  little  slag 
3  made.  The  furnace  is  now  skimmed,  when  it  takes  about  ^  hour's 
abbling  to  set  \%  and  it  is  ready  for  poling  as  if  ordinary  blister  had 
•een  used.  Each  refinery  works  a  charge  of  15  tons  metal,  making 
1  tons  copper  every  24  hours.  Trials  made  to  ascertain  the  best 
nd  cheapest  pitch  to  which  the  metal  should  be  calcined  showed 
hat  though,  when  the  metal  was  calcined  to  black  oxide,  it  would 
ecom]>ose  its  own  weight  of  raw  material,  and  when  calcined  to  red 
xide  it  would  only  decompose  about  half,  yet  the  cost  of  extra  cal- 
Lnation  counteracted  the  saving.  On  an  experience  of  14,000  tons 
f  ingots  it  is  claimed  that  the  direct  method  gives  36  per  cent, 
lore  ingot  copper  and  44  per  cent,  less  slag  to  be  re-treated,  whilst 
le  actual  cost  per  ton  of  ingots  made  was  13«.  6d.  a  ton  in  its  favour, 
esides  which  the  extra  product  means  a  saving  of  a  further  2L  a 
jh  of  ingots  in  making  white  metal.  But  it  is  not  at  all  evident 
lat  really  impure  ores  or  mattes  could  be  satisfactorily  treated  in 
lis  way. 
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In  order  to  minimise  the  coet  for  renewal  of  alag-  and  matte-pots, 
B.  H.  Terhnne  has  adopted  a  form  with  a  movable  bottom,  whidi 
overoomes  the  cracking  tendency.  The  pot  is  cast  with  a  6-in.  hole 
cored  in  the  bottom,  in  which  is  inserted  a  flanged  bottom,  4  coonter- 
sunk  rivets  making  a  tight  and  permanent  joint. 

P|fd-|>roc{tfcto. — ^These  are  chiefly  bismnth,  cobalt,  gold,  lead,  man* 
ganese,  nickel,  seleninm,  and  silver ;  iron  oxides,  such  as  ochre  uA 
*' blue-billy "  or  pnrple  ore;  iron  and  line  sulphates;  tin  oxide; 
arsenic  and  sulphur.  In  many  cases,  only  the  copper,  say  2-3  per 
cent,  of  the  nuneral  mined,  is  saved,  while  the  remaining  97-88 
per  cent,  is  wasted,  and  this  is  likely  to  continue  in  a  great  measme, 
owing  to  the  absence  of  a  market  for  the  majority  of  the  products  at 
the  seat  of  production,  and  the  cost  of  transportation.  Bat  the 
utilisation  of  the  sulphur  and  the  ferruginous  matters  is  of  primary 
importance,  and  will  surely  be  aocompliiuied  in  the  near  foture.  Aii 
improved  method  of  roasting  would  enable  the  sulphur  to  be  ocm- 
verted  at  once  into  sulphuric  acid,  and  that  again  might  be  used  to 
make  sulphate  of  iron  from  such  of  the  iron  residues  as  were  not  fit 
for  paint-making. 

Commerce. — The  following  table  shows  at  a  glanoe  the  approximate 
relative  importance  of  the  principal  copper-producing  countries,  stated 
in  English  tons  of  fine  copper : — 

Algiers 120 

Argentine       »•  150 

Australia — 

Wallaroo 5,200 

Other  mines 2,500 

Austria 1,200 

Boliyia 4,500 

Canada 4,000 

Cape— 

Gape  Copper  Go. 5,350 

Namiiqua 1,375 

Chili ..  20,000 

England 1,000 

Qermauv — 

Mansfeld 14,700 

Other       2,000 

Hungary 300 

Italy 2,000 

Japan       ..  18,000 

Mexioo— 

Boleo        6,200 

Other       1,480 

Newfoundland        1,900 

Norway — 

Yigsnaee 925 

Other       450 

Peru 150 

Russia      5,000 

Spain  and  Portugal — 

RioTinto 30,200 

Tharsis 10,800 

Mason  &  Barry       4,400 

Sevilla      1,000 

Other       200 

Sweden 800 
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United  Statee— 

Lake  Superior 50,000 

MontaDa 70,000 

Arizona 20,000 

Other  States 6,000 

Yenezoela       3,000 

Total        274.900 

Thus  the  United  States  afford  more  than  half  the  whole  output, 
md  Spain  more  than  one-sixth. 

Samjpling  Copper. — ^English  and  American  practice  are  at  variance 
n  this  important  particular.  The  Cornish  and  Swansea  methods  of 
xriving  at  the  value  of  a  parcel  of  copper  or  copper  ore  are  fully 
leecribed  in  the  author's  *  Miner's  Pocket  Book,'  p.  363.  In  America 
lothing  is  left  to  judgment,  everything  depends  on  actual  assay  of  a 
lechanically  taken  sample,  sampUng  machines  being  of  various  kinds. 
Coet  sampling  works  have  now  adopted  a  form  of  sampler  (e.  e.  the 
trunton  or  the  Constant)  which  diverts  the  entire  stream  during  a 
iven  and  definite  interval  of  time.  They  can  be  so  adjusted  that  the 
rushed  ore,  elevated  to  a  shute  immediately  above  the  sampling- 
tachine,  descends  upon  it,  and  during,  say,  10  seconds  the  descending 
:ream  is  diverted  to  the  right,  and  during,  say,  20  seconds  it  is 
i  verted  to  the  left,  so  that  whatever  passes  during  the  first  10  seconds, 
hether  it  be  fine  or  coarse,  rich  or  poor,  light  or  heavy,  is  all  deflected 
>  a  set  of  rolls.  There  it  is  pulverised,  and  is  again  raised  to  a 
cond  sampling-device,  which  again  automatically  diverts  \  (now  \ 
*  the  original  lot),  the  discarded  §  in  each  case  returning  to  the 
mpling-noor,  where  it  is  bagged  and  returned  to  the  car.  The 
oisture  sample  is  taken  from  uie  discarded  f  at  the  time  when  the 
aterial  is  weighed  into  the  car  before  proceeding  on  its  journey, 
lie  sample,  now  representing,  say,  ^  of  the  original  lot,  which  has 
^Aeed  the  rolls,  is  returned  to  the  floor,  where  upon  an  iron-covered 
atform  it  is  mixed  together  by  hand  and  divided  down  by  quarter- 
g,  which  mast  be  the  ultimate  termination  of  all  sampling.  But 
ere  is  no  selection  in  this  quartering,  and  it  is  always  proceeded 
itli  bv  the  same  rule  and  in  the  same  maimer.  The  sampling  of 
pper  oars  is  performed  by  boring,  say,  every  fifth  bar  twice,  half-way 
rough  on  opposite  sides.  In  sampling  argentiferous  bars  of  variable 
tn  position  every  bar  is  bored  twice.  K  they  carry  gold  also  in  any 
antity  (and  always  in  the  case  of  anodes),  the  borings  are  melted 
d  granulated,  or  recast  into  a  sample  bar,  which  is  again  bored. 
lese  are  the  only  ways  to  secure  uniformity  in  the  laboratory 
xiple  and  assays.  Electrolytic  assay  is  preferred  for  reliability, 
Lug  an  Edison  current.  There  are  usually  considerable  differences 
returns  between  American  shippers  and  English  buyers.  Loss  of 
ig,ht  will  often  average  2  per  cent,  on  matte  shipped  in  sacks,  but 
icli  less  with  casks  (e.  g.  old  petroleum  barrels).  With  ordinary 
Xte,  a  common  difference  in  copper  assay  is  * 75  to  1  per  cent,  loss; 
tlx  argentiferous  matte,  l^lf  per  cent,  copper  and  '3  oz.  silver  per 
^lish  ton.  So  that  importers  buying  in  the  United  States  and 
ling  in  England  must  make  an  average  allowance  of  4(2.  per  unit  to 
rer  such  differences.     The  market  value  of  a  parcel  of  copper  ore  is 
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arrived  at  by  reckoning  the  " settled  produce"  or  fine  copper  yielded 
by  it  (say  4'55ner  cent.^  at  standard  or  current  price  of  Chili  Imrs 
(say  70Z.  a  ton),  and  dedncting  the  "retnming  charges."  Th€«e 
latter  vary.  In  Cornwall  they  are  fixed  at  55f .  per  ton  of  ore,  whether 
rich  or  poor.  In  Swansea  there  is  a  fixed  rate  of  \2».  2<f.  per  ton,  kA 
an  additional  sliding  rate  of  3«.  9cl.  per  unit  of  metal  in  the  ore.  The 
presence  of  antimony,  arsenic,  bismuth,  lead,  or  snlphur  depreciAte& 
the  value,  and  a  sensible  percentage  of  either  element  may  render  the 
parcel  unsaleable. 
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GOLD. 


[te  geographical  distribution  *  of  gold  is  very  wide.  Approximate 
gures  rating  to  its  production  in  1891,  stated  in  kilos,  (of  2*2  lb.), 
re  given  below : — 


United  States 49,917 

Australasia      47,245 

Bnada       36,310 

Aftica        21,366 

China        8,020 

Colombia 5,224 

British  India 3,754 


Canada 

Chili 

Aii8tit>*Hun^ry 
British  Gniana 


2,506 
2,162 
2,104 
1,693 


Mexico      1,505 


Venezuela 
Corea. 


1,504 
1,128 


French  Guiana     825 

Japan      775 

Brazil      670 

Dutch  Guiana       668 

Central  America 226 

France 200 

Italy        160 

Uruguay         140 

Argentine       123 

Peru        113 

Bolivia 101 

Sweden 88 

Great  Britain 4 


Australian  gold  is  still  largely  derived  from  plaoers  (33  per  cent. 
Victoria),  but  the  bulk  of  it  is  obtained  from  quartz  reefs,  mainly 
free  gold.  There  are  enormous  deposits  of  refractory  ores  whioa 
ve  not  yet  been  developed. 

In  Queensland,  the  most  notable  auriferous  deposit  is  at  Mount 
[>igan,  26  miles  S.W.  of  Eockhampton,  where  about  75,000  tons  of 
3  up  to  the  end  of  November  1889,  had  yielded  323,000  oz.  of  gold 
line  nearly  1,332,0002.),  or  over  4^  oz.  per  ton,  at  a  working  cost  of 
ly  17  per  oent.  on  the  value.  This  mine  is  equally  remarkable  for 
3  various  opinions  expressed  as  to  its  genesis  and  geology,  the  most 
tusible  of  which,t  founded  on  features  developed  by  extensive  work- 
^,  seems  to  be  that  the  ore  deposit  represents  an  altered  mass  of 
ittered  country  rock,  readily  acted  upon  by  mineral  solutions,  which 
»laoed  the  basic  and  felsj^thic  portions  by  acidic  and  quartzose 
riferous  material  Its  permeable  and  quartzose  character  has  saved 
frunx  disintegration,  and  preserved  it  as  an  ore  mass  on  the  summit 
a  low  hill,  as  seen  in  Fig.  125.  The  "country"  consists,  in 
ending  series,  of  dolerite,  quartzite,  greywack,  and  "desert*' 
idstone,  intersected  by  numerous  dykes  of  rbyolite  and  dolerite. 
e  deposit  itself  overlies  the  quartzite,  which  is  usually  very  pyritic, 
e  greywack  (not  seen  on  the  mountain  itself)  underlies  the  sand- 
ue  in  other  parts  of  the  district,  and  is  usually  so  much  metamor- 
>sed  as  to  be  scarcely  distinguishable  from  a  true  eruptive  rock ; 

•*  replacement"  probably  occurred  in  this  formation. 
Surface  cuttings  show  a  mass  of  silicious  iron-stained  ore,  which 
the  one  hand  shades  off  into  crushed  quartz  and  on  the  other  into 
•  A.  O.  Lock,  <  Gold :  its  Occurrence  and  Extraction.'       f  I"-  A.  Itickard. 
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siliciotis  hematite ;  the  distribution  is  apparently  irregular,  except  in 
so  far  as  the  different  varieties  of  material  are  bounded  by  dykes, 
which  throw  off  lateral  branches,  are  irregular  in  direction  (with  a 
general  NJB.  trend),  and  consist  of  kaolinised  rock  which  is  most  pro- 
bably rhyolite.  There  is  no  evidence  of  regularity  in  the  bedding  of 
the  material,  nor  are  the  joint  planes  persistent — the  whole  mas 
appears  to  have  been  fissured  and  shattered  by  the  violent  dynunie 
agency  represented  by  the  dykes.  The  outer  portions  of  the  ore  body 
show  a  greater  proportion  of  iron  oxides ;  some  portions  carry  small 
crystals  of  pyrites,  while  the  lowest  edges  lie  upon  the  quartzite,  the 
boundary  Ime  being  very  distinct.  "Where  dolerite  dykes  form  the 
limit  of  the  deposit,  the  contact  is  also  well  marked.  The  large  masM 
of  highly  pyritic  auriferous  quartzite  suffice  to  account  for  the  rich- 
ness in  gold.     It  is  reported  that  the  ground  in  immediate  contact 
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bard  tindeoomposed  schists.  At  Cocoa  Greek,  the  lodes  occur  in  slates, 
^ywacks,  and  quartzites,  most  probably  Permo-carboniferous,  and 
}arry  much  stibnite  and  quartz,  both  auriferous. 

In  Victoria,  dark-grey  mineralised  laminations  are  characteristic 
>f  the  best  and  most  permanent  auriferous  lodes.*  Brown  inclines  to 
he  belief  that  '*  all  auriferous  reefs  have  been  deposited  in  the  first 
nstanoe  at  the  time  of  fracture,  and  have  in  many  instances  been 
enlarged  by  fresh  eruptions  of  auriferous  silica."  E.  J.  Dunn  describes 
he  occurrence  in  wash  of  small,  white  sandstone  nodules,  with  a 
erruginous  kernel,  and  containing  exceedingly  minute  particles  of 
;o]d  disseminated  through  them,  so  that  the  average  yield  from  many 
ons  was  }-l  oz.  gold,  and  massive  beds  of  soffc  sandstone,  which 
umished  tne  nodules  assay  up  to  9  dwt.  Dunn  quotes  another  in- 
tance  where  fractured  in  sandstone  and  slate  beds  of  Silurian  aee 
ave  been  filled  witii  quartz,  forming  a  reef  dipping  from  30°  to  nearly 
0°  £. ;  in  some  places  in  a  horizontal  displacement  of  2  ft.,  besides 
nearly  vertical  fault.  The  quartz  occurs  in  the  reef  fiftult  in  an 
nnsnal  manner,  only  being  found  under  the  sandstone  beds  of  the 
anging  wall,  and  along  the  strike  of  these  beds  even  it  makes  af» 
Tegular  lenticular  masses,  ranging  from  2-3  in.  up  to  2  ft  in  thick- 
MS.  Under  the  slate  beds  no  quartz  exists.  Strike  of  the  bedding 
lanes,  N.  36^-48'^  W. ;  dip,  nearly  vertical.  In  some  portions  of  the 
indstone,  thin  veins  of  quartz  are  present,  and  a  great  deal  of 
irrites  (arsenical).  Gold  in  small  quantities  is  found  in  such  stone 
he  pyrites  obtained  in  crushing  the  stone  yields  2-3  oz.  gold  per 
n. 

As  to  permanence  there  is  abundant  evidence  that  quartz  does  not 
icessarily  get  poorer  as  one  descends :  richer  and  poorer  zones  may 
t  encountered,  as  shown  by  the  following  figures  relating  to  the 
iilway  Tribute  mine : — 


Depth. 


>>300ft.    . 
)0-1200ft. 


Tons. 


782 

10,057 

7,32U 


Yield. 


OS.    dwl  gr. 
846  16    0 

8487  10    0 

8740    6    0 


Averafe  per  Ton. 


oi.dwt.gr. 
1     1  17 

0  16  21 

1  8  20 


In  the  Sandhurst  district,  two  mines  working  below  2000  ft.  are 
tting  excellent  ore,  thus : — 


rkftb  of  BmC. 

Depth. 

Tom. 

Yield. 

ATenge  per  too. 

ft. 

ft 

ox. 

o«.  dwt.  gr. 

7 

2025 

2506 

3970 

1  11  16 

6 

2290 

289 

429 

1     9  16 

B.  A.  F.  Morraj. 


2  H^2 
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The  subjoined  table  is  interesting  as  showing  the  relations  of  depth 

to  yield  in  a  number  of  Victorian  mines : — 

Width  of  R«et 

Depth  at  which 
Quarts  waa  got. 

Qoaottty  Croahed. 

Arerafe  Yield  Of  0«ld 
per  Too. 

OB.  dvt  gr. 

ft  Id. 

ft. 

tona 

8    0 

1400 

368 

0     13    15 

8    6 

1620 

3848 

0     13    22 

,. 

1000 

4014 

0     11      9 

SO    0 

390 

1214 

0      4     9 

16  ft  to  20  ft 

1140 

5815 

0     10    11 

2    0 

200 

84 

0     10    11 

1    6 

216 

6 

1     11    11 

2    6 

800 

70 

0      3    10 

1  ft  to  1  fL  6  io. 

282 

210 

0      5     8 

5    6 

150 

121 

0    18     3 

4    0 

180 

20 

0    15     0 

30    0 

140 

596 

0      10 

1    3 

64 

40 

1      0     0 

2  a  to  12  ft 

2000 

1060 

1       1    20 

2  in.  to  2  ft 

1820  to  1920 

410 

1       1      8 

7    6 

2025 

1229 

10      9 

3  in.  to  2  ft.  6  in. 

1780 

1729 

0    12    18 

,, 

1340 

5926 

0     12      1 

1    6 

1194 

1519 

0    10    16 

t                 ,, 

1000  to  1200 

91 

0    10      5 

1    6 

65 

19 

4      5    22 

1    0 

65 

16 

0    18      0 

0    6 

200  and  300 

98 

10      3 

7    0 

•     570 

38 

0      2    16 

6    0 

880  to  1030 

3835 

0      9    10 

5    0 

400 

40 

0      2    14 

3  ft  to  10  ft 

630  to  700 

5019 

0      8    10 

'    2  ft  to  8  ft 

630  to  770 

2803 

0      8    15 

1    3 

315 

1455 

0    19      7 

., 

310 

781 

1      0    13 

1    0 

600 

115 

1     15    20 

5  ft.  to  8  ft 

500  to  670 

1385 

0    11      7 

6ittol7ft 

680  to  740 

1036 

0    15    17 

4    6 

900 

1960 

0    11    IS 

4    0 

800  to  1200 

2650 

0    19      1 

5    0 

132 

400 

0      5      8 

4    0 

300 

310 

0      6    18 

1    0 

337 

162 

3      1     17 

Some  very  rich  parcels  of  quartz  (9-10  oz.  per  ton)  are  got  frd 

^  squibs,"  or  undefined  reefs  consisting  mainly  of  small  leadsa  i 

quartz  mixed  with  slate  and  sandstone. 

At  Mount  Doran  (Fig.  126),  the  country  rock  a  is  a  soft  wiiii 

sandstone,  in  which  run  bands  of  fine,  soft  slaty  rock  (.     A  qoil 

leader  c  runs  with  the  slaty  rock ;  it  is  about  4  in.  wide,  strikes!?.  1^ 

E.,  and  dips  80*"  W.    Where  it  intersects  the  sandstone,  it  is  barra 

but  where  it  crosses  the  slaty  belt  it  is  very  rich  in  gold.* 

Fig.  127  illustrates  a  series  of  flat  veins  in  granite,  at  Woof' 

Point:   o,  quart?  veins  or  reefs;   6,  soft  granite;  c,   hard  grwiia 

d,  slate  walls. 

♦  E.  J.  Dunn. 
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On  tHe  terraces  between  Loyola  and  Eevington,  the  lodes  have  a 
westerly  strike  nearly  parallel  with  that  of  the  enclosing  strata  (slates 
Dd  sandstones).  The  lode  track  is 
long  the  axes  of  an  anticlinal  curve 
1  the  strata,  and  the  quartz  a  forms 
sort  of  saddle  reef,  or  as  it  is 
Kally  termed  '*  boiler  "  reef  (Fig. 
28),  while  in  other  places  it|forms 
massiye  segregation  dose  to  the 
ces  and  slighUy  parallel  to  one 
de  (Pig.  129).  The  quartz  is 
ilky  white,  and  in  parts  glassy, 
ith  darker  lineations  of  fine  slate 
id  pyrites.  Along  the  lode  track, 
X)wni8h  -  grey    quartzitic     sand- 


Fio.  126.— Gold  Deposits,  Mount  Fw.  127.— Gold  Defositb  :  Wood's 

DoBAN.  Ponrr. 


Fios.  128,  129.— Gold  Deposits,  Loyola. 

Dee  alternate  with  slates ;  it  is  generally  between  the  slate  and 
dBtone  walls  that  the  richest  quartz  is  found,  and  not  where  the 
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quartz  seems  reticulate  through  the  sandstones  or  slates  ;  tJie  latta 
is  frequently  carbonaceous.* 

.  On  the  Clunes  field,  the  Port  Phillip  mine  carries  many  loda 
(Fig.  130),  the  off-shoots  in  many  cases  proving  richer  than  the  mui 
lodes.  The  country  rock  is  Lower  Silurian,  a,  basalt  oap^ni^ 
6,  diorite  dyke ;  c,  west  vein ;  d,  Bobinson's  vein,  having  iw-est  brand 
e  and  east  branch  /;  q^  old  man  vein ;  \  east  vein  ;  »,  weloome  vein 
2;,  ofikhoots.t 

At  Fryer's  Creek,  the  richer  ^sometimes  very  rich)  workingB  ha^ 
been  confined  to  depths  ranging  from  100  to  200  ft,  and  below  400  9k 

nothing  payable  has  bea 
struck.  On  Collyer^s  red 
Fig.  131,  are  no  clearly  dc 
fined  leaders,  but  a  aaxioi 
very  narrow  veins  (rich), 
tersecting  the  natural  s 
at  all  kinds  of  angles, 
soon  worked  out.  TKe 
formation  comprises 
hard  sandstone,  wfaic^ 
difficult  to  excavate  ; 
although  the*  yield  of  _ 
was  extraordinarily  good  ^ 
far  as  the  workings  extended 
there  appears  to  be  little  o 
no  probability  of  farther  e^ 


Fio.  130.— Gold  DBPOsrre,  Pobt  Fig.  131.— Gold  Deposits, 

Phillip.  Colltkb's  Rbbp. 

plorations.  The  total  yield  of  gold  from  22  tons  of  stone  was  107  o« 
averaging  4  oz.  17  dwt.  to  the  ton.  The  quartz  was  of  a  broumi^ 
colour,  ferruginous,  and  the  gold  occurred  in  the  joints  and  small  fnw 
tures,  and  was  very  fine  and  pretty  equally  difi'used  throughout ;  n 
foot  or  hanging  wall^.  The  crushing  stuff  was  of  a  con^omerate] 
character,  1-4  in.  thick,  a,  anriferoiis  alluvial ;  6,  sandstone 
c,  quartz.  At  Specimen  Hill,  thousands  of  ounces  were  got  firw 
less  than  40  ft.  deep;  at  300  ft,,  nothing.     The  Mosquito,  Fig.  \^ 

•  J.  Stirliqg.  t  R.  Allan. 
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aa  proved  remarkably  rich  down  to  162  ft ;  the  general  run  of 
nartz  bears  N.  14**  W.,  and  compriBes  flat  leaders  and  a  saddle  forma* 
Ion ;  at  No.  11  shaft  (a)  is  a  conglomerated  mass  of  quartz,  slate, 
od  fluoan,  with  detached  portions  of  floating  sandstone,  nearly  all 
eing  payable ;  the  gold  is  both  heavy  and  flne,  and  generally  assooi- 
ted  with  galena,  iron  and  arsenical  pyrites,  and  blackjack ;  a.  No.  11 
laft ;  6,  slate ;  c,  sandstone  wall ;  a,  quartz ;  e,  rich  quartz.* 


Fia.  133.— Gk>LD  DiPOBiTB, 
Maldon. 


Fia.  132.— OoLD  DsFOSiTB,  MoflQuiro. 


At  Maldon,  dykes  or  «*  bars  "  of  granite  a  (Fig.  133)  cut  the  quartz 
3f8  fr,  and  generally  at  these  intersections  the  lode  is  increasingly 

On  some  of  the  Sandhurst  mines,  the  strata  have  been  bent  and 
Qtorted  into  anticlinal  axes  and  synclinal  troughs,  in  places  (as  at 
Fig.  184)  so  sharply  that  the  hard  sandstone  beds  are  arched  with 


A      W\\\\V\\\\ 


Fig.  134. — Gold  Deposits,  Bandhubst. 

udinB  of  14  ft.  only.  The  anticlinal  axes  are  locally  called  '<  centre 
intry";  their  general. direction  is  a  few  degrees  W.  of  N.,  and, 
^ther  with  the  "  pitch,"  determiues  the  strike  of  the  reefs ;  the 
ter  as  a  rule  conform  to  the  bedding  planes  6.    Veins  of  quartz  c 

*  M.  Amos.  t  £•  J*  Dunn. 
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iDteneci  the  sandstone  d  and  slates  e  in  many  places,  and  are  1 

as  '*  spurs  " ;  there  are  two  sets :  those  dipping  S.  are  buren  ; 

dipping  N.,  auriferous.    A  width  of  80  ft.  of  slate  and  sand 

payable.    At /occurred  much  galena,  iron  pyrites,  and  mispickd;! 

g  the  reef  was  sprinkled  with  gold  tbe 

of  currants,  through  its  whole  width  of  2  I 

and  at  J^,  it  was  18  ft.  wide,  and  carried  I 

^  *  16  dwt.  gold  per  ton.* 

In  Russell's  reef.  Fig.  135,  the  «'  1^8 ' 
inverted  ;  a,  sandstone ;  6,  reef. 

In  the  Ballarat  East  mines.  Fig.  136, 1 
several  vertical  lodes  a,  but  they  are  not 
defined  or  regular,  in  some  places  ~       _ 
great  width,  and  then  pinching  out  to  t^ 
small  dimensions.    These  vertical  lodes  T 
so  far  proved  to  be  scarcely  payable  (exo 
in   one   case   where   they   have   apf 
made  into  one  lode  below  the  300-ft.  le 
Nearly  the  whole  of  the  gold  won  has  been  obtained  from   flatl 
diagonal  veins  6,  which  vary  from  the  horizontal  to  a  dip  of  45**  IL,  i 
in  thickness  from  1  in.  to  10  fb.    The  slate  country  look  e  is 


Fio.  135.— Gold  Dbfosits, 
Bubskll's  Beet. 


Fio.  136.— Oold  Dkfobitb,  Ballabat  East. 

vertical  in  the  upper  levels,  but  takes  a  westerly  underlay  in  tl 
deeper  ones,  and  in  the  lowest  levels  is  about  1  ft.  in  6.     There  a| 


•  E.  J.  Dunn. 
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Bevend  "  indicators  "  nmning  with  the  strata,  and  where  these  inter- 
sect the  quartz  veins  large  quantities  of  gold  have  been  obtained, 
iocluding  nuggets  up  to  225  oz.  These  indicators  (which  are  for  the 
most  part  thm  veins  of  pyrites)  continue  through  the  whole  length 
}f  the  belt.  In  some  cases,  the  flat  veins  have  faulted  the  indicators 
uid  country  rock,  which  would  point  to  the  conclusion  that  they  are 
>f  more  recent  date.    6  is  a  heavy  slide.* 

At  Wedderbum,  the  country  rock  is  of  yellow  and  grey  soft  sand- 
ftone  and  clayey  beds,  having  a  strike  of  N.  5**  W.,  dip  60^-80°  E. 
}ne  of  the  beds  of  rock  is  of  dark-grey  to  black  colour,  and  5-7  in. 
ride,  made  up  of  thinly  laminated  unctuous  clay.  This  is  known  to 
he  miners  as  the  '*  indicator."  At  intervals  of  a  few  inches  to  several 
eet  apart,  are  flat  leaders  of  quartz,  ^  in.  to  1  ft.  thick,  dipping  to 
he  N.W.  at  angles  ranging  from  20°  to  80^  Where  they  intersect 
he  ^  indicator,"  the  latter  is  generally  displaced  a  few  inches.  At 
nd  near  the  intersections  the  quartz  leaders  become  auriferous,  and 
ften  richly  so,  the  gold  occurring  in  coarse  nuggety  pieces,  and  fre- 
luentlj  of  crystalline  character.  The  leaders  are  barren,  except  at 
be  intersections  with  the  indicator,  or  of  nearly  vertical  thin  quartz 
eina,  oalled  "  droppers  "  by  the  miners.t 

Western  Australia  is  likely  soon  to  materially  increase  the  Austral- 
sian  gold  output.  As  to  its  geological  formation,  A.  F.  Calvert  states 
lat  the  general  character  of  the  auriferous  counl^  is  a  series  of  belts 
allowing  in  the  south  the  coast  line  which  is  a  litUe  W.  of  N.  and  E. 
r  S.  The  gold  reefs  traverse  the  lower  Devonian  schists,  which  are 
ore  or  less  altered  by  the  action  of  the  dioritic  bosses  which  have 
istorted  them  in  many  places.  These  schists  lie  directly  upon  the 
ranite,  which  has  lifted  them  to  an  angle  of  30*^  to  45^.  llie  granites 
)  not  appear  in  a  mountainous  form,  but  take  the  shape  of  low 
nges,  wnich  in  many  districts  have  not  outcropped  more  than  suf- 
rient  to  give  the  country  an  undulating  character.  It  is  these  N. 
id  S.  belts  where  the  diorites  and  sometimes  trachytes  have  played 
eir    pturt,  which  are  of  importance  from  an  auriferous  point  of 

Austria's  small  product  of  gold  comes  chiefly  from  Bathhausberge, 
Salzburg,  and  from  the  antimony  mines  of  Euttenberg,  in  Bohemia, 
e  gold  being  recovered  as  a  bye-product.  In  Schemnitz  and  Krem- 
fcK,  the  auriferous  quartz  lodes  occur  in  eruptive  rocks  of  Tertiary 
e,  chiefly  in  greenstone-trachyte,  (propylite),  porphyries  of  various 
ids,  diorite,  and  granite;  a  reddish  quartz  characteristic  of  the 
strict  is  impregnated  with  blende,  galena,  and  pyrites  and  is  locally 
led   nnopd.    Some  of  the  TransyTvanian  ores  are  highly  telluri- 

COS. 

Canadian  gold  mines  in  the  Lake  of  the  Woods  country  are  asso- 
rted, with  pyrites,  mispickel,  and  galena,  the  country  rock  being 
eifis,  syenite,  and  diorite. 

Tlie  gold  of  Nova  Scotia  occurs  in  Cambrian  rooks— compact 
urtzites  and  sandstones  (locally  called  ''whin"),  frequently  fel- 
btliicy  rarely  calcareous,  associated  with  argillaceous  slates  (some- 
xnagnesian  or  chloritic). 

♦  B.  Allan.  f  E.  J.  Dann. 
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Qold  quartz  in  Nova  Sootia  *  is  distributed  tlirough  thoufiands  of 
feet  vertically,  but  the  workable  deposits  commence  at  about  2500  ft. 
below  the  graphitic  slates  and  cease  at  about  8000  fL,  thus  leaTing 
an  undulating  productive  belt  of  5500  ft.  Only  those  portions  of  the 
truncated  crests  of  the  foldings  which  upheaval  and  denudation  have 
exposed  oan  be  approached  by  the  gold  seekers ;  consequently,  nearly 
all  the  mines  are  found  to  be  in  connection  with  anticlinals,  and  no 

Cspeoting  is  attempted  outside  these  productive  rocks.  Some  of  the 
t  mines  happen  to  be  on  the  dome-like  masses  caused  by  inteneo 
tion  of  E.W.  and  N.S.  anticlinals,  and,  although  other  good  minee  are 
not  so  situated,  yet  it  may  well  be  that  renewed  igneous  action 
favoured  continued  segregations  of  gold  in  longer  disturbed  area. 
Most  of  the  gold  is  got  from  bedded  veins  (locally  caUed  "leads"); 
they  are  intercalated  with  the  quartzites  and  slates,  and  follow  botn 
their  strike  and  dip.  They  conform  to  the  foldings  of  the  uodnla- 
tions,  and  lie  at  every  angle  with  the  horizon ;  as,  however,  the  pro- 
ductive lodes  are  found  at  the  anticlinals,  the  portions  mined  usnalir 
dip  at  a  steep  angle.  These  lodes  affect  a  grouping  arrangement,  and 
usually  the  leads  are  numerous,  though  small  in  size,  varying  from  i 
to  12  or  18  in.  Sometimes,  and  especially  in  the  slates,  they  are  n 
closely  grouped  that  they  can  be  worked  as  one  large  lode,  the  inter- 
vening **  whin  "  being  picked  out.  In  an  anticlinal  assemblage  ^ere 
is  often  a  principal,  or  very  persistent,  lode,  carrying  much  viabte 
gold  in  flakes  and  grains,  which  varies  from  8  to  12  in.  average  size. 
The  veins  are  closely  grouped  in  slate  belts,  but  are  not  continaoiis; 
they  squeeze  out  in  length,  and  are  again  found  farther  on,  wbik 
parallel  to  the  squeeze,  and  in  close  proximity,  another  ^'lead^a 
developed.  These  branches  vary  from  J  to  12  in.  in  width.  In  vm 
districts  are  immense  lodes  of  quartz  which  are  only  faintly  anrifer 
ous.  The  walls  of  the  bedded  lodes  when  in  dioritio  quartdte  an 
fused  into  the  quartz,  so  that  it  is  difficult  to  separate  the  waste  rock 
and  this  makes  extraction  of  such  quartz  expensive.  Often  «m 
slate  found  on  or  near  the  wall  ameliorates  this.  The  walls  si 
definite  in  quartzite,  and  irregular  in  slate.  Sometimes  the  lodes  «? 
corrugated  or  wrinkled  ("  barrel  quartz  ")  remarkably,  probably  \ 
pressure  during  folding,  and  the  leads  associated  with  theee  wrinkk 
are  often  rich,  especially  in  the  broad  part  of  the  quartz  oorrugatiooi 
A  few  gash  veins  are  met  with,  often  well  defined  and  usually  rk^ 
but  local,  and  recognised  by  containing  lime  carbonate.  True  veia 
occasionally  occur,  sometimes  rich,  but  not  persistent.  The  gold  « 
the  bedded  lodes  is  always  visible,  and  no  vein  is  considered  w»ti 
prospecting  that  shows  no  "  sights  "  ;  it  occurs  in  nuggets,  large  leaf 
like  flakes,  small  grains  and  strings  in  the  quartz,  but  "  leads  "  wit 
much  fine  gold  are  rare.  In  nearly  all  the  lodes  portions  of  the  Td 
are  rich  in  gold,  whilst  between  them  the  quartz  is  worth  but  lit:j< 
These  shoots  of  ore  are  sometimes  300  ft.  long,  but  are  often  ms^ 
shorter.  The  gold  streaks  are  usually  richest  in  the  middle,  dwisi 
ling  irregularly  towards  the  margin.  The  gold  occurs  in  translnotfi 
or  milky  quartz,  the  richest  quartz  possessing  a  characteristic  lei^ 

•  Bronton  Symons,  "The  Gold  Fields  of  Nova  Sootia,"  Proc.  B.  Ged  » 
Cornwall. 
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hue,  due  to  metallic  sulphides — XDundic,  mispickel,  galena,  blende, 
chaloopyrite  and  molybdenite.  The  presence  of  sulphides  seems 
essentiad  to  a  productive  lode,  and  the  miner  always  considers  the 
presence  of  galena  and  yellow  ore  an  infallible  sign  of  approaching 
vudble  gold.  Arsenical  pyrites  is  very  plentiful  in  most  lodes,  and 
varies  in  value  fix>m  a  few  pennyweights  to  several  ounces  of  gold 
per  ton. 

Germany's  gold  comes  from  the  argentiferous  galenas,  notably 
near  Freiberg. 

In  India,*  schistose  rocks,  superimposed  on  gneiss  or  other  meta- 
norpbic  rocks,  are  the  great  gold  carriers.  Chloritic,  talcose, 
iematiticy  micaceous  and  argillaceous  schists  are  the  prevailing 
brms  of  the  schistose  series,  and  of  these  the  chloritic  and  talcose 
varieties  have  been  found  most  favourable  for  gold.  Hitherto  gold 
las  only  been  encountered  in  workable  quantities  in  a  quartz  matrix. 
Quartz  reefs  are  seen  traversing  the  schist  and  the  underlying  gneiss, 
rat  it  is  only  in  the  schists  that  they  have  been  found  commercially 
iroductive,  although  a  little  gold  has  been  met  with  in  the  reefs 
raversing  the  gneiss.  In  South  India  the  gold-bearing  rocks  are 
Tjown  as  the  Dharwars ;  in  North  India,  as  the  sub-metamorphics. 
lykes  of  diorite  and  dolerite  are  met  with  on  most  of  the  gold  fields, 
atting  through  the  schists  and  reefe,  and  displacing  or  fietulting  the 
fctter.  In  many  parts  of  the  country,  the  schists  are  covered  over 
)r  miles  with  a  coating  of  trap  rock.     On  the  Eolar  field  the  quartz 

of  a  bluish  colour,  and  very  hard  and  compact.  A  ribboned  or 
minated  structure  is  apparent  near  the  walls.  The  field  is  much 
It  with  dykes  of  diorite,  some  of  these  being  of  great  size ;  the  main 
fke,  running  N.S.,  is  over  200  ft.  thick  in  some  places,  and  has  been 
dced  for  10  miles;  Granitic  cross-courses,  running  E.W.,  also  occur. 
>  far  the  Champion  lode  alone  has  been  found  remunerative,  and  has 
elded  over  2,000,000/.  worth  of  gold  within  the  last  few  years.  It 
is  been  traced  about  4  miles,  and  varies  in  width  from  a  mere 
read  to  massive  '^  makings  "  of  quartz  20-30  ft.  wide.  Its  average 
idth  may  be  set  down  at  3  ft.  The  strike  of  the  reef  is  nearly  NJS., 
tt  within  this  general  direction  its  course  may  be  said  to  be  serpen- 
le,  and  in  places  even  to  double  back  on  itself,  so  that  what  may 
pear  from  surface  outcrops  to  be  two  distinct  N.S.  reefs  and  E. W. 
anters,  are  really  portions  of  the  same  reef.  The  '* makings"  of 
artz,  too,  are  extremely  irregular,  and  there  is  no  uniformity  in  the 
dth  of  the  lode  in  successive  levels.  The  strike  of  the  reef  is  also 
ilted  by  trap  dykes  and  granitic  cross-courses.  The  main  run  of 
B  dykes  appears  nearly  parallel  with  the  strike  of  the  reefs — ^i.  e. 
S.,  and  a  trifle  more  easterly  than  the  reefs.  The  ore  is  free-milling, 
bre  being  very  little  pyrites  present,  so  that  crushing  batteries  and 
lalgamators  (plates  and  pans)  suffice  to  secure  the  biUk  of  the  gold, 
t  there  is  great  difficulty  in  securing  the  finer  particles  of  gold 
lich  are  disseminated  throughout  the  gangue.  Owing  to  the  in- 
isely  hard  nature  of  the  quartz  and  country  rock,  and  irregularities 

the  strike  and  make  of  the  lode,  mining  has  b)sen  an  expensive 
m,  and  averages  for  1892  about  1/.  4^.  6(2.  per  ton ;  milling  costs 
*  Mcnryn  Bmitli,  "  Gold  MiniDg  in  India,''  Trans.  Infit  Min.  and  Met,  L  313. 
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9«.  6c2. ;  and  treatment  of  tailings  about  h%.  The  entire  oatlay  iih 
eluding  administration  and  home  charges  brings  up  the  cost  per  ton 
of  ore  to  2L  6«.  Sd.,  or  about  41  per  oent.  of  the  yield  per  ton.  About 
90  per  oent.  of  the  assay  value  of  the  gold  is  reoovered. 

South  Africa  derives  much  of  its  gold  from  a  "  cement "  or  coo- 
glomerate  locally  called  hafikeL  The  geological  formation  in  the 
Witwatersrand  field  consists  chiefly  of  sandstones,  shales,  quartates, 
and  cherts,  tilted  into  a  nearly  vertical  position  (and  more  or  leai 
metamorphosed  in  places)  by  the  intrusion  of  a  mass  of  granite.  Be- 
tween the  strata  of  sandstone,  Ac.,  come  the  auriferous  beds  of  oon- 
glomerate,  attaining  a  total  thickness  of  200  ft  sometimes,  and 
extending  for  many  miles  in  length.  Above  water  line  the  rook  li 
reddish ;  below,  bluish,  due  to  undecomposed  pyrites. 

On  the  Dekaap  fields  *  are  found  large  granitic  areas,  flanked  '\i\ 

schistose  and  shaly  rocks,  containing  auriferous  beds.    Dykes  of  troi 

diorite  occur  all  over  the  country,  penetrating  the  granite,  the  tiltec 

schists,  the  shales,  and  the  sandstones,  and  influencing  the  aurifinoa 

cbaracter  of  the  deposits.    A  most  remarkable  feature  is  the  almos 

entire  absence  of  lime.    Quartz  not  only  predominates  as  a  constitnen 

of  the  granite  but  occurs  among  the  slaty  rocks  as  segregated  mtssn 

interbedded  with  and  replacing  them  to  some  extent,  often  indeei 

assuming  such  dimensions  as  to  constitute  the  larser  part  of  the  whoi 

country-rock.     Their  shape  is  irregular,  but  rou^dy  lenticular;  tb^ 

are  generally  connected  by  very  thin  seams ;  or  suoceed  one  anothe 

at  fairly  regular  intervals,  either  in  a  straight  line  or  on  both  sides  d 

and  at  no  great  distance  from,  such  a  line,  which  can  be  termed  tli 

axis  of  their  strike,  and  which  coincides  with  that  of  the  endosiBj 

rocks.    Many  are  auriferous,  and  they  are  individually  far  more  pes 

sistent  in  depth  than  in  length.    Another  class  of  interbedded  quarti 

deposits,  which  may  be  termed  segregated  quartz-veins,  also  occur  i 

these  rocks,  as  a  rule  extending  for  considerable  distances  along  the! 

line  of  strike.    They  are  often  very  auriferous,  and  have  proved  coi 

tinuous  to  a  limited  depth ;  their  width,  however,  is  very  vaxiaUi 

These  and  the  large  lenticular  bodies  are  generally  composed  of 

dark-blue  and  homogeneous  (never   distinctly  orystalliiie)  quart 

which  sometimes  resembles  quartzite,  from  its  granulated  appearance 

where  the  quartz  is  milk-wbite,  it  shows  traces  of  crystaUisatioi 

The  associated  minerals  are  all  sulphides,  usually  pyrite  or  pyrrhotit 

more  rarely  chalcopyrite  and  arsenopyrite ;   galenite  in  one  or  t^ 

places  only.     Samples  from    some    distance    below   ''water-level 

entirely  undecomposed,  often  show  large  quantitieB  of  &ee  gidd  o 

being  washed.    The  sulphides  are  very  rich,  never,  when  &ee  goi 

also  occurs,  containing  less  than  5  oz.  gold  to  the  ton ;  30-60  oe.  ai 

not  uncommon,  and  in  one  instance  760  oz.     The  shales  or  sditf 

enclosing  these  veins  are  generally  decomposed  near  the  snr&oe  £i 

some  distance  on  either  side,  and  are  often  found  to  be  as  rich  (ere 

richer)  in  gold  as  the  quartz  itself.     This  decomposition  is  due  1 

that  of  the  pyrites,  as  below  "water-level"  auriferous  pyrites  ai 

found  to  be  disseminated  for  a  limited  distance  on  both  sides  of  tl 

veins.     Throughout  these  tilted  rocks  are  numerous  inteiBtrati&e 

♦  W.  p.  Purlonge,  Trana.  Amer.  Inat  Min.  Engs. 
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beds  of  quartz-TOck  or  quartzite,  generallj  of  large  size,  and  con- 
tinuoDS  for  very  long  distances.  Locally,  they  are  termed  "bars." 
The  quartz  composing  them  is  never  crystalline,  but  compact  and 
amorphous,  or  greidually  passing  to  roughly  granular.  In  colour,  it 
wes  fix)m  black  to  pure  white.  Very  often  the  whole  bar  has  a 
banded  structure,  dark  and  light  ribs  alternating,  the  dividing  line 
wrresponding  to  the  strike  of  the  enclosing  rocks.  Most  of  these 
'  ban "  are  due  to  the  replacing  of  the  shales  or  schists  by  silica ; 
4hen  probably  were  originally  strata  of  sandstone,  rendered  homo- 
^eoos  by  solutions  which  permeated  them  and  dissolved  their 
tomponent  parts,  redepositing  gelatinous  silica.  The  ''bars"  of 
[uartzite  have  a  very  important  practical  value,  inasmuch  as  the 
nindpal  gold-deposits  are  found  in,  or  immediately  adjoining,  them, 
hoQgh  never  without  there  being  also  some  eruptive  rock  in  close 
noximity.  The  gold  may  occnr : — (a)  in  the  body  of  the  bar  itself, 
Q  ^'shutes,"  or  evenly  disseminated  through  the  whole  of  it,  more 
paringly.  (5)  Where  the  "bars"  have  been  fissured  or  fractured, 
Dother  variety  of  quartz  has  been  deposited  in  the  cracks  and 
revicee,  often  differing  but  little  from  that  composing  the  bar,  but 
asily  distinguishable,  being  of  a  different  colour  and  texture,  and 
lore  pyritiferous.  (c)  Instead  of  these  deposits  of  auriferous  quartz, 
1  and  alongside  the  "  bars  "  are  others,  of  great  extent,  of  iron  oxides, 
nitaining  80-40  per  cent,  iron ;  all  this  ironstone  carries  gold.  At 
irfaoe,  the  iron-ores  consist  generally  of  limonite  and  hematite,  with 
>me  magnetite ;  in  depth,  the  limonite  disappears,  and  the  ore  then 
msists  of  hematite  and  magnetite,  the  former  always  predominating ; 
jrrite  alflo  is  found  in  quantity.  The  gold  contained  in  these  ferru- 
mou8  deposits  varies  from  "  traces "  to  3-4  oz.  per  ton,  and  in  the 
tore  extensive  of  the  paying  ones  may  be  averaged  at  18-20  dwt. 
Br  ton.  The  amount  which  can  be  extracted  by  ordinary  milling 
id  plate-amalgamation  usually  does  not  exceed  7  dwt.  The  ferru- 
inouB  deposits  are  not  confined  to  the  "bars,"  but  are  also  found 
nongst  the  slaty  rocks,  and  are  known  as  "burnt  leaders"  (from 
leir  colour);  they  often  "pan"  well,  and  assay  better,  but  are 
either  large  nor  continuous  enough  to  be  worked  with  profit  Many 
$d8  of  argillaceous  material,  enclosing  small  "  stringers  "  of  quartz, 
id  (firom  the  decay  of  previously-contained  pyrite)  now  a  ferru- 
nons  red  clay,  contain  paying  amounts  of  gold.  The  beds  of 
nglomerate  which  are  enclosed  in  the  tilted  strata  are  to  a  large 
itent  impregnated  with  pyrite.  In  some  instances,  the  whole  bed, 
ben  oxidised,  shows  by  washing  a  paying  amount  of  "  free  "  gold ; 
id,  when  pyritous,  often  assays  over  1  oz.  gold  to  the  ton.  The 
iriferoos  pyrite,  and,  consequently,  the  "  free "  gold,  are  evidently 
later  date  than  the  beds  themselves,  and  neither  of  them  is  ever 
tmd  in  the  quartz  pebbles ;  they  are  entirely  confined  to  the  cement- 
g  TPfrtftriAl,  The  so-called  "  idluvial "  of  these  fields  is  really  not 
lavial  gold  at  all,  in  the  proper  sense  of  the  term.  It  is  usually 
and  an  the  tops  of  rounded  hills,  and  in  a  position  where  it  could 
xdly  have  been  placed  mechanically.  Examination  almost  always 
owa  that  the  sou  is  simply  a  decomposed  felsitic  rock,  probably  a 
i^te  in  situ,  which  contains  the  nuggets,  with  generally  a  large 
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amount  of  quartz  fragments  also.  There  can  be  bat  little  qnesdon 
that  these  quartz  fragments  oonstitnted  originally  the  secondtfj 
quartz  which  filled  the  cracks  and  crevices  of  the  more  deoompoie^ 
volcanic  dykes. 

Of  the  United  States,  California  is  foremost  in  gold  prodxxctioA 
Its  veins  of  auriferous  quartz  are  usually  described  *  as  s^regato: 
veins,  in  slates  and  oilier  metamorphic  rocks,  and  more  or  les 
parallel  with  the  bedding.  The  quartz  contains  auriferous  pyrite 
free  gold,  arsenopyrite,  chalcopyrite,  tetrahedrite,  galena,  and  blende 
but  pyrites  is  far  the  most  abundant.  Some  telluridee  have  beo 
noted  by  Silliman  at  Carson  Hill,  Calaveras  County.  The  vein 
approximate  at  times  a  lenticular  sbape,  which  is  less  marked  u 
Cfalifomia  than  in  some  other  regions,  and  which  shows  analogies  o 
shape  with  pyrites  lenses  and  magnetite  lenses.  In  such  cases  tb 
fissure-vein  character  is  somewhat  obscure.  Califomian  veins  occup 
undoubted  fissures  in  the  slates ;  the  largest  and  best  known  u  tii 
so-called  Mother  Lode,  a  lineal  succession  of  innumerable  larser  an 
smaller  quartz  veins  running  parallel  with  the  strike,  but  cutting  th 
steep  dip  of  the  slates  at  an  angle  of  10^  It  was  doubtless  forme 
by  faulting  in  steeply  dipping  strata.  The  wall  rocks  of  Califomiai 
veins  are  serpentine,  diabase,  diorite,  and  jy^ranite,  as  well  as  slatj 
The  serpentine  is  probably  a  metamorphosed  igneous  rock,  while  tb 
diabase  and  diorite  form  great  dykes.  Considerable  calcite,  dolomin 
and  ankerite  occur  with  the  quartz,  and  very  often  it  is  penetrate 
by  seams  of  a  green  chloritio  silicate,  which  is  provisionally  oall^ 
mariposite,  as  it  is  probably  not  a  definite  mineral,  but  rather 
infiltoktion  of  decomposition  products.  The  quartz  veins  vary  soi 
what  in  appearance,  oeing  at  times  milk-white  and  massive  (1( 
called  ''hungry,"  from  its  general  barrenness),  at  times  grea;^ 
darker,  and  again  manifesting  other  differences,  which  are  difficult 
describe,  although  more  or  less  evident  in  specimens.  The  ri(" 
quartz  in  many  mines  is  somewhat  banded,  and  is  called  "ribbonj 
quartz.  In  rich  specimens,  fluid  or  gaseous  inclusions  of  what 
probably  carbonic  acid  are  abundant.!  Some  quartz  shows  evidencl 
of  dynamic  disturbances.  The  walls  of  the  veins  are  themselv^ 
impregnated  with  the  precious  metal  and  attendant  sulphides,  Tlj 
rich  portions  of  the  veins  occur  in  shutes  to  a  large  degree.  Tlj 
great  Mother  Lode  extends  112  miles  in  a  general  N.W.  direetio^ 
it  is  not  strictly  continuous,  nor  is  it  one  single  lode,  but  rather 
succession  of  related  ones,  which  branch,  pinch  out,  run  off  in  strbgei^ 
and  are  thus  complex  in  their  general  grouping.  It  is  regarded  u\ 
great  series  of  veins  along  a  fissured  strip.  The  veins  are  often  1^ 
in  strong  relief  by  the  erosion  of  the  wall  rock,  and  thus  are  call^ 
ledges  or  reefs.  The  gold  in  the  pyrite  in  most  cases  is  native  meti 
mechanically  mixed,  and  not  an  isomorphous  sulphide.  The  veil 
are  younger  than  any  of  the  igneous  dykes  with  them.  They  ma 
have  been  filled,  as  thought  by  Whitney,  during  the  metamorphia 
of  the  rocks  attendant  upon  their  upheaval  in  post-^Jurassio  tin 
Certain  it  is  that  a  very  extensive  circulation  of  silicious  solution 
was  in  progress. 

•  J.  F.  Kemp, '  Ore  Deposits.'  t  W.  M.  Courtis. 
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In  tbe  Stunmit  district  of  Colorado  are  a  number  of  rich  mines 
rhere  the  gold  occurs  native  in  quartz  on  the  contact  between  a 
hyolite  and  trachyte  breccia  and  andesite.  The  deposits  are  probably 
ue*  to  a  silicification  of  the  rhyolite  along  those  lines;  oxidation 
Bd  impoYerishment  of  the  npper  parts  led  to  bonanzas  below. 

In  the  Black  Hills,  South  Dakota,  gold  occurs  f  under  diverse 
onditions : — (a)  in  Quaternary  and  Eecent  placers,  from  the  degra- 
lation  of  h  and  c ;  (5)  in  ancient  gravels,  cemented,  obviously  due  to 
oarine  action  on  the  exposed  edges  of  the  veius  c,  and  only  found  in 
oxtaposition  to  tbem ;  (c)  in  bedded  veins  of  pyritous  quartz  in  the 
ilted  (almost  vertical)  Archsean  schists,  formmg  an  enormous  ore 
lody  several  miles  long  and  often  50-200  ft.  thick,  locally  known  as 
he  "free-milling  belt";  (d)  in  silicious  impregnations  which  have 
eplaced  the  calcareous  cement  of  the  Potsdam  sandstones  over  an 
jea  of  about  30-40  square  miles,  sometimes  still  pyritous,  sometimes 
oddised,  always  associated  with  "  porphyry "  dykes  and  sheets,  and 
ODstitntin^  the  "  refractory  belt " ;  (e)  as  an  ingredient  of  argen- 
iferoos  galena,  limonite,  and  iron  pyrites,  in  beds  of  Carboniferous 
imestone ;  (/)  in  the  porphyry  itself. 

The  free-milling  ores  are  very  low  grade,  seldom  exceeding  10  dwt, 
0  the  ton,  but,  being  in  gigantic  bodies,  admit  of  mining  and  milling 
n  a  grand  scale,  and  profitably.  The  major  part  of  the  annual  out- 
rat  of  150,000  oz.  is  from  this  source,  and  mainly  the  product  of  one 
;roap  of  mines.  The  recent  placers  are  practically  exhausted.  The 
emented  gravels  are  limited  in  area,  and  afford  an  average  of  only 
iboat  3  dwt.  per  ton,  which,  however,  they  yield  readily.  The  Pots- 
lam  beds  are  exceedingly  irregular,  being  very  much  faulted  and 
ointed,  making  systematic  mining  a  matter  of  cost  and  difficulty,  and 
necessitating  much  expense  for  prospecting ;  moreover,  the  degree  of 
titriferous  impregnation  is  most  erratic,  iSways  decreasing  more  or 
ess  rapidly  on  leaving  the  fissures  through  which  the  infiltration 
aktered  ^  verticals "  of  the  local  miners),  so  that  a  great  portion  of 
iach  ore  body  uncovered  is  not  worth  removing,  the  gold  assay 
imging  from  traces  up  to  2-3  oz.  per  ton.  They  require  treatment 
yj  chlorine  or  cyanide  for  extraction  of  the  gold,  so  that  nothing 
)elow  12-15  dwt.  rock  can  be  dealt  with,  while  there  are  millions  of 
ons  ranging  between  5  and  10  dwt.  Almost  all  the  porphyry  dykes 
^eld  traces  of  gold  on  assay,  and  occasional  samples  go  very  high 
5-10  oz.  and  more  per  ton),  but  they  cannot  be  said  to  afford  any 
snconragement  for  industrial  mining. 

Montana  possesses  remarkable  quartz  veins  with  auriferous  pyrite 
m  the  contact  between  limestone  and  granite,  near  Bannack ;  bodies 
if  gold  quartz  in  gneiss,  porphyry,  or  limestone,  in  Jefferson  County ; 
mS  auriferous  silver  ore  in  a  true  fissure  vein  in  granite,  near 
Phillix>8bnrg. 

In  Utah,  limestones  regarded  by  Blake  as  Carboniferous,  and  other 
ledimentary  rocks,  have  been  broken  through  by  great  outflows  of 
ipranite,  andesite,  hypersthene-andesite,  &c.    The  ore  bodies  appear 

•  B.  O.  Hill*. 

t  C.  G.  Wamfoid  Lock,  **Gold  Mining  and  Milling  in  the  Black  HUls, 
3.  Dakota,**  Trans.  Inst  Min.  and  Met,  iii. 
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to  be  contact  deposits  in  limestone  near  igneous  rocks,  and  canj  miu 
free  gold. 

In  the  Sontliem  States,  segregated  veins  oocnr  in  metamorpli 
slates,  talcose  schists,  &a,  of  late  Archaean  or  early  Palieozoic  ag 
with  numerons  associated  trap  (diabase)  dykes ;  also  auriferons  be^ 
of  slate,  gneiss,  felspathic  and  hjdromicaceous  schists,  and  limestoo 
Gold  has  even  been  found  in  a  trap  dyke.*  It  is  generally  in  pyrit 
and  the  rock,  where  productive,  is  heavily  charged  with  that  minen 
The  trap  dykes  have  exerted  an  important  influence ;  at  the  E&i 
mines,  Sonth  Carolina,  the  rock  is  rich  only  near  them.  They  ba^ 
probably  stimulated  the  ore-bearing  solutions.  The  country  jook  i 
the  un^laciated  regions  is  often  covered  to  a  great  depth  \f9  tl 
residual  clays  and  other  products  of  its  alteration,  as  mudi  as  ibo  f 
in  places.  This  material  is  sometimes  called  laterite,  and  wbfffs  ^ 
original  rocks  have  been  auriferous,  it  has  furnished  loose  mateiiilf< 
panning  and  washing,  essentially  different  from  ordinary  placeai,ao 
called  ''  frost  drifb.'\t  "^^^  ores  of  the  Southern  States  are  guienll 
low  grade. 

Lq  the  metamorphic  rocks  of  the  Lake  Superior  iron  oomtr] 
several  good  auriferous  quartz  veins  have  been  opened.  { 

Douglass  Island,  Alaska,  is  remarkable  for  the  Treadwell  mini 
This  is  located  in  a  boss  or  dyj^e  of  granite  400  ft.  wide,  pHraii^ 
Triassic  slates  §  and  impregnated  with  auriferous  pyrites.  :l^  or 
body  consists  in  great  part  of  a  mass  of  quartz,  felspar,  calcitflb  vu 
pyrite,  and  is  supposed  ||  to  have  been  originally  a  hornblende  gn&iti 
afterwards  subjected  to  solfataric  action,  which  introduced  the  gold. 

Placer  mining. — The  formation  and  peculiarities  of  placers  aad  ^ 
various  appliances  used  by  the  alluvial  miner  have  received  fnl 
treatment  in  an  earlier  volume,ir  and  the  following  remarks  must  b 
regarded  only  as  supplementary. 

The  prohibition  of  hydraulic  mining  in  Califomia  has  led  to 
great  extension  of  drifting,  or  tunnelling  and  breasting  on  the  pa^ 
streak,  thus  obviating  the  removal  of  vast  quantities  of  siqieni] 
cumbent  poor  or  valueless  material.    In  river  mining,  the  ooDinot 
practice  on  the  Klamath  is  to  build  wing-dams  of  rock-filled  cril»  c 
poles,  faced  inside  and  out  with  1-in.  planking.     Some  lOjOOO-SO.OO' 
sq.  ft  of  the  river  bottom  is  thus  enclosed,  and  the  water  is  remored 
Then  a  pit  is  sunk  in  the  exposed  river  bottom,  the  top  gravel  azH 
sand  containing  no  gold  are  stripped  away  by  derricks  down  to  paj 
gravel,  and  the  latter  is  washed.     In  this  connection  the  **  stratxuf 
tester  "  shown  in  Fig.  137  is  a  simple  and  efficient  machine.    It  ood 
prises  an  "  Invincible  "  portable  centrifugal  pumping  engine  workii 
in  connection  with  a  hydraulic  disintegrator.     The  latter  is  placed 
inlet  of  suction  pipe  of  centrifugal  pump,  and  its  function  is  to  bi< 
up  the  ground  in  such  a  manner  that  it  will  readily  pa^  through  I 
pump,  which  is  of  the  same  type  as  those  used  for  dredging.    11 
disintegrator  is  very  simple  in  construction,  and  is  provided  with 
series  of  small  jets,  from  which  water  under  pressure  acts  upon  i 
stratum  to  be  broken  up.    A  telescopic  pipe  is  provided  in  the  sncti 

♦  F.  A.  Genth.  f  W.  C.  Kerr.  %  0.  D.  Lawton.  §  G.  M.  Dana 

•  F.  D.  Adama.  1  C.  G.  Wamfonl  Lock,  *  Practical  Gofd  Mining' 
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lain,  so  that  the  diBintegrator  can  lower  itself  automatically  as  the 
ork  proceeds,  and,  to  enable  the  appliance  to  work  over  a  certain 
-ea,  a  ball-and-socket  joint  is  fixed  in  the  same  pipe.  When  the 
aterial  is  broken  up,  it  mixes  with  a  quantity  of  water,  is  then 
tfised  through  the  pump,  and  deposited  at  any  convenient  site,  the 
ater  being  allowed  to  return  to  the  pit  for  use  over  again.  The 
Invincible"  centrifugal  dredging  pumping  engine  is  employed  in 
ising  auriferous  river  and  sea  sand ;  the  operation  is  much  the  same 
explained  in  regard  to  the  stratum  tester,  but  the  plant  is,  of  course, 
ted  on  board  a  barge  or  other  suitable  craft,  and,  if  necessary,  the 


Fig.  137. — Gwyn^es  Stkatum  Testek. 

Igings  are  forced  ashore  through  pipes.  In  dealing  with  sand 
rel,  or  other  loose  material,  no  disintegrator  is  required,  and 
ling  whatever  is  used  beyond  a  specially  designed  mouthpiece  for 
t  of  suction.  Fig.  138  represents  one  of  these  appliances  at  work 
vering  ashore,  as  explained.  The  great  trouble  experienced  by 
ing  engineers  in  finding  pumps  suitable  for  moving  such  material, 
Arell  as  tailings  in  some  instances,  is  avoided  to  the  utmost  by 
ie  centrifugal  dredging  pumps,  which  are  designed  and  constructed 
uch  a  way  as  to  minimise  the  unavoidable  friction.  Both  appli- 
es just  described  are  made  by  John  and  Henry  Gwynne,  of 
nmerMniith  Iron  Works,  and  89  Cannon  Street,  London. 
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In  the  milling  of  cemented  gravel  modem  practice  is  disoaidiai 
the  stamp  battery  in  favour  of  the  simpler  and  cheaper  arrastnL   TIm 


< 

OS 
Q 


M 

I 


s 


arrastras  in  use  at  Smartsville  and  Moone}'  Flat  contain  the  princi{ 
of  the  original  arrastra,  adapted  to  its  operation  and  handling 
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water  or  steam  power.    They  are  12  ft.  diam.  and  3  ft.  deep  ;  bottoms 

paved  with  hard  rock  ronghly  dressed,  and  in  such  manner  as  to 

present  as  even  a  surface  as  possible,  and  laid  in  cement,  the  paving 

being  16  in.  deep.     The  post  in  the  centre  is  14  in.  square  and  18  in. 

high,  carrying  the  mast  with  4  arms,  to  each  of  which  a  heavy  drag, 

is  attached.     The  motive  power  is  transmitted  either  by  means  of  a 

large  horizontal  pulley,  through  whose  centre  the  mast  passes  and 

upon  which  a  belt  runs ;  or  by  means  of  a  toothed  gear  fixed  in  a 

circle  around  the  mast,  and  into  which  a  pinion  works — a  preferable 

arrangement.     The  drags  are  heavy  blocks  of  diabase  hung  to  the 

arms  by  means  of  chains  and  clamps,  and  so  arranged  that  all  portions 

of  the  pit  are  traversed  by  them  when  they  are  rotated ;  they  weigh 

600  to  1200  lb.    To  charge  the  arrastra,  gravel  is  run  in  from  a  car, 

or,  better,  from  a  shute ;  5  to  9  tons  constitute  a  charge.     While  the 

charge  is  being  introduced,  the  speed  is  lowered,  water  being  added 

from  time  to  time  in  order  to  prevent  the  charge  from  caking.    A 

large  quantity  of  water  is  taken  up,  and  the  charge  finally  has  the 

consistency  of  thin  paste.     The  arrastra  is  speeded  up  to  14  rev.  a 

minute ;  in  the  case  of  hard  cement  this  is  kept  up  1  hour.    It  is 

discharged  by  opening  a  gate  in  the  arrastra,  which  empties  directly 

into  the  sluice  containing  the  riffles.     The  charge  runs  itself  out, 

water  being  added  to  facilitate  the  discharge.    By  a  judicious  mixture 

of  •*  sharp  "  or  crushed  gravel  and  the  ordinary  gravel  that  has  gone 

through  the  grizzly  and  has  not  required  crushing,  it  is  remarkable 

what  a  thorough  grinding  and  pulping  the  gravel  receives  from  the 

process.    About  one  tablespoonful  of  mercury  is  added  to  each  charge, 

the  loss  falling  below  10  per  cent.    The  sluice  run  is  nearly  200  ft. 

long,  the  boxes  containing  for  the  most  part  ordinary  longitudinal 

riffles.     The  sets  nearest  the  arrastra,  however,  have  cross  riffles,  and 

likewise  the  last  sets  in  the  run.    The  sluices  are  cleaned  up  once  a 

week.     Almost  the  whole  of  the  amalgam  will  be  found  in  the  first 

t  cross  riffles  near  the  arrastra,  very  little  getting  farther  down  the  sluice. 

^When  running  off  the  charge,  about  30  ''  inches"  of  water  is  required. 

Drags  last  6  weeks,  and  cost  about  5  doL  (1{.)  apiece.    A  new  bottom 

I  xwts  40  dol.,  and  lasts  about  6  months.     The  capacity  of  one  arrastra 

I  m  hard  cement  is  60  tons  per  day ;  on  soft "  top  gravel,"  75  to  90  tons 

^)er  day.    The  advantages  of  this  process  consist  in  the  low  first  cost 

k)f  the  plant,  in  its  simplicity  and  that  of  its  mechanical  devices,  in 

he  extreme  cheapness  of  the  cost  of  treatment,  and  in  the  apparent 

jiffectiveness  of  the  process  itself.     When  suitably  arranged,  as  in  the 

Mieaton  plant  in  Mooney  Flat,  the  cravel  is  dumped  upon  the 

grizzlies,  the  coarse   going  through   the   Gates  crusher,  which   is 

uperior  for  this  work.    The  **  sharp  "  and  •*  dull "  gravels  are  then 

n  two  separate  bins,  centrally  situated,  from  which  they  can  be 

lumped  into  the  arrastras  by  means  of  shuter<.    One  man  per  shift 

an  thus  fill,  run,  and  discharge  4  arrastras,  being  the  only  man  in 

he  mill,  with  the  exception  of  a  rock-breaker.     The  cost  amounts  to 

ut  3/i.-4d.  per  t<m. 

•     Quartz  reduction. — The  pulverising  of  auriferous  rock  is  governed 

X  general  by  the  same  conditions  and  principles  involved  in  the 

sduction  of  any  other  mineral,  with  these  essential  differences: — t 

2  I  2 
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(a)  that  the  material  is  not  homogeneous,  the  richer  portion  bemg 
often  moi  e  pulverulent  than  the  barren  rock ;  (5)  that  amalgamatioD 
of  the  metal  is  often  made  a  simultaneous  operation  with  the  rednciog. 
After  passing  through  some  form  of  coarse  breaker,  aa  already  described 
(p.  121),  the  rook  is  conveyed  either  to  rolls  for  dry  cruiiing,  or  to 
stamp  batteries  for  wet  crushing.  Fig.  139  illustrates  the  latest  type 
of  stamp  battery  as  made  by  Robey  and  Co.,  Lincoln.  It  ib  in 
2  sections  of  5  heads  each  working  in  one  mortar  box,  mounted  on  one 
frame,  driven  independently  by  a  pulley  on  each  side.    Its  special 


Fig.  139.— Stamp  Battery. 

feature  is  lightness  combined  with  strength,  the  form  of  framing 
lending  itself  well  to  bracing  and  staging.  All  bearings  are  provided 
with  automatic  lubricators,  preventing  leakage  of  oil  into  the  pnlp. 
Abundant  room  is  provided  for  access  to  working  parts,  everything  is 
made  handy  and  well-fitting,  and  the  materials  selected  are  in 
accordance  with  most  recent  experience  in  various  climates. 

The  free  gold  contained  in  the  pulp  is  caught  by  mercury  applied 
in  various  forms  of  amalgamating  apparatus ;  and  the  gold  enveloped 
in  pyrites  and  other  refractory  bodies  is  recovered  by  chlorinatios, 
cyanidoi  &c. 
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IBIDIUM. 


This  scarce  metal  is  quite  widely  distribnted  geographically, — ^in 
California,  Oregon,  Russia,  India,  Borneo,  Sonth  America,  Canada, 
Australia,  and  in  certain  parts  of  France,  Germany,  and  Spain.  The 
prindpal  sources  of  snpply  are  Bnssia  and  California ;  it  is  nearly 
always  associated  with  either  platinum  or  gold,  is  recovered  as  a 
bje-prodnct,  and  is  always  found  in  small  grains  or  fine  powder,  the 
largest  pieces  being  about  the  size*of  a  grain  of  rice.  In  nature  it  is 
generally  alloyed  with  other  metals,  most  commonly  platinum  and 
osmium ;  the  platinum  alloy  is  called  platin-iridium,  and  the  osmium 
alloy  osmiridium  or  iridosmine.  Platin-iridium  grains  are  sometimes 
found  as  small  cubes  with  rounded  edges,  while  iridosmine  usually 
cTists  in  the  form  of  flat  irregular  grains,  and  occasionally  as  hexagonal 
prisms.  The  Bussian  supply  of  uib  metal  is  generally  obtained  from 
platinom  mines,  in  the  tJral  Mountains;  while  in  California  it  is 
found  principally  in  the  placer  gold-washings.  The  ores  of  iridium 
are  a  source  of  great  annoyance  when  mixed  with  gold-dust,  on 
account  of  its  specific  gravity  being  nearly  the  same  as  that  of  gold ; 
oonseqnently,  it  is  impossible  to  separate  the  gold  from  the  iridium 
by  washing,  though  it  may  be  made  either  by  the  amalgamation  of 
the  gold  (as  neither  iridium  nor  its  ores  combine  with  mercury),  or 
by  dissolving  out  the  gold  in  aqua  regia.  In  the  mints,  these  metals 
are  frequently  separate  by  melting  the  gold-dust,  and  allowing  the 
molten  mass  to  remain  in  the  crucible  for  some  time,  during  which 
the  iridium  slowly  settles  to  the  bottom,  as  it  does  not  alloy  with  the 
gold  under  such  circumstances.  The  gold  is  then  poured  off  from 
the  top,  and  the  dregs  in  the  bottom  of  the  crucible  are  found  to 
contain  the  greater  quantity  of  the  iridium ;  the  gold  therewith  is 
then  dissolved,  and  the  iridium  is  found  in  the  residue.  In  Bussia  it 
is  contrary  to  law  to  possess  or  deal  in  iridium  ore,  because  it  has 
been  used  to  adulterate  gold-dust,  with  disastrous  results  to  the 
coinine  machinery,  owing  to  its  great  hardness.  Iridium  possesses  a 
white  lustre,  resembling  that  of  steel ;  its  hardness  is  about  equal  to 
that  of  the  ruby ;  in  the  cold,  it  is  quite  brittle ;  at  a  white  heat,  it 
is  somewhat  malleable.  It  is  one  of  the  heaviest  metals,  having  a 
Bp.  gr.  of  22*88.  Heated  in  the  air  to  redness,  it  is  very  slowly 
oxidised.  It  is  insoluble  in  all  single  acids,  and  in  the  massive  state 
even  aqua  regia  does  not  attack  it.  Its  leading  application  has  been 
for  pointing  gold  pens.  The  iridium  point  consists  simply  of  a  small 
gram  of  iridosmine,  selected  bjr  first  removing  from  the  ore,  with  a 
inagnet,  the  magnetic  oxide  of  iron  which  always  accompanies  it,  and 
then  dissolving  out,  by  means  of  adds,  the  other  impurities  which 
may  be  present ;  the  ore  is  then  washed  with  water,  dried  and  sifted 
in  order  to  remove  the  fine  dust,  and  the  sifted  ore  is  then  ready  for 
the  selection  of  points,  by  an  operator  who  rolls  the  grains  of  iridium 
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around  with  a  needle  point,  examining  them  under  a  magnifying 
glass,  and  selecting  those  which  are  solid,  compact,  and  of  the  proper 
size  and  shape.  These  points  are  usaally  selected  in  three  grades- 
small,  medium,  and  large — depending  upon  the  size  of  the  pen  for 
which  they  are  intended  to  be  used.  The  grain  of  iridium  having 
been  soldered  on  to  the  end  of  the  pen,  it  is  sawed  in  two  (whi<£ 
makes  the  two  nibs  of  the  pen),  and  ground  up  in  the  proper  diape. 

By  heating  the  ore  in  a  Hessian  crucible  to  white  heat,  adding 
phosphorus,  and  continuing  the  heating  for  a  few  minutes,  perfect 
fusion  ensues,  and  the  metal  can  be  poured  and  cast,  but  the  presence 
of  7^  per  cent,  phosphorus  is  an  obstacle  in  the  way  of  its  use  for 
electrical  purposes.  On  heating  the  meted  in  a  bed  of  lime,  the 
phosphorus  is  completely  removed.  In  this  operation,  the  metal  is 
first  heated  in  an  ordinary  furnace  \p  white  heat,  and  finally,  after  no 
more  phosphorus  makes  its  appearance,  it  is  removed  and  placed  in  an 
electric  famace  with  a  lime  crucible,  and  there  heated  until  the  last 
traces  of  phosphorus  are  removed ;  the  metal  which  then  remains 
will  resist  as  much  heat  without  fusion  as  the  native  metaL  For 
mechanical  applications,  where  the  metal  is  not  subject  to  great  hett, 
it  is  melted  with  phosphorus  and  cast  into  the  shape  desired,  and 
then  ground  or  worked,  as  the  application  may  require.  Its  hardness 
is  now  finding  it  many  useful  spheres,  both  in  the  solid  form  and  in 
plating. 
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IRON. 

This  metal  is  one  of  the  most  abundant  and  widely  disseminated  ele* 
ments  of  the  earth's  crnst,  its  distribution  being  materially  aided  by 
the  &ct  of  its  forming  two  oxides  of  different  chemical  quanti valence. 
Apart  from  the  accumulations  of  the  metal  in  the  form  of  ores,  more 
or  less  pure,  it  is  found  in  large  proportions  in  many  igneous  and 
metamorphio  rocks,  notably  as  oxides  in  basi^ts  (12-20  per  cent.\ 
dioritee  and  diabases  (4-16  per  cent),  andesites  (3-15  per  cent), 
porphyries  (0-14  per  cent),  rhyolites  (0-8  per  cent),  and  granites 
(0-7  per  cent).  In  the  sedimentary  rocks  it  is  less  marked,  but  all 
limestones  and  sandstones  may  be  said  to  contain  it,  as  well  as  sands, 
daya,  and  gravels.  The  industrial  sources  of  iron  are  the  following 
ores: — 

Magnetite,  or  magnetic  iron  ore,  Fe804 — 72  per  cent  iron. 

Hematite,  in  two  forms,  red  hematite,  and  specular  iron  ore  or  iron 
glance  (also  micaceous  iron  ore),  FejOs — 70  per  cent 

Idmonite,  or  brown  hematite  (also  bog  ore,  lake  ore,  and  black  brush 
ore),  2  FejjO,,  3HaO— 60  per  cent 

Siderite  or  spathic  iron  ore  (also  clay  ironstone,  sparry  iron,  clay 
band,  black  band,  coal  measure  iron,  argillaceous  iron  ore),  FeCOg — 
48  per  cent 

ryrite,  pyrites,  or  mundic,  FeSj — 46  per  cent 

These  percentages  refer  to  pure  ores,  but  they  never  occur  pure  in 
large  quantities.  The  best  known  output  of  magnetite  was  40,000  tons 
averaging  68J  per  cent,  while  the  Lake  Champlain  mines  afford  much 
at  6^-65  per  cent  when  dressed,  but  as  low  as  60  per  cent  when 
mined.  The  specular  hematites  of  the  Lake  Superior  mines  reach 
60-65  per  cent,  and  the  red  hematite  of  New  York  about  44  per 
cent  The  limonites  vary  between  40  and  50  per  cent. ;  and  the 
crude  spathic  ores  reach  as  low  as  20  per  cent,  or  even  less,  being 
largely  €X)ntaminated  with  clay  and  bituminous  matters.  The  usual 
impurities  of  all  iron  ores  are  the  common  elements  or  oxides  that 
enter  most  largely  into  rocks,  and  those  which  make  up  the  walls  of 
the  deposit  are  usually  the  ones  that  appear  most  abundantly  in  the 
ore.  Silica  (SiOj),  alumina  (AljOj),  lime  (CaO),  magnesia  (MgO), 
titanium  oxide  (TiOa),  carbonic  acid  (CO^),  and  water  (HjO)  occur  in 
large  amounts,  and  determine  to  a  great  extent  the  character,  fluxing 
properties,  Ac,  of  the  ore.  With  these,  and  of  superior  influence,  are 
sm^er  amounts  of  sulphur  and  phosphorus.  The  last  two  and 
titanium  chiefly  decide  the  character  of  the  iron  which  is  yielded  in 
the  furnace,  and  are  the  first  foreign  ingredients  considered.  The 
solphur  is  present  in  pyrite,  the  phosphorus  in  apatite.  For  Bessemer 
pig  irons,  which  command  the  best  market,  the  extreme  allowable 
timit  of  phosphorus  is  •  1  per  cent. ;  thus  a  65  •  3  per  cent  ore  should 
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not  have  over  •  066  per  cent  phoepboras  to  be  ranked  as  Beeiemer, 
and  if,  combined  with  sufficiently  low  phosphorus,  the  gangae  is 
highly  siiicious,  even  low  grade  ores  may  be  of  value,  though  remotely 
situated.  Thus  the  lump  magnetite  of  the  Chateaugay  mines,  afford- 
ing but  50  per  cent  iron,  is  mined  and  transported  over  400  miles  w 
the  furnaces;  it  has  18 '44  per  cent.  SiOj  and  only  '029  phosphorus 
and  '  052  sulphur.  A  moderate  amount  of  phosphorus  is  not  only  dC' 
drawback  for  ordinary  foundry  irons,  and  such  as  are  to  be  subjwted 
to  tool  treatment,  but  it  is  a  prime  necessity ;  excessive  amounts  ai? 
desired  only  for  weak  but  very  fluid  irons.  Considerations  like  tboe 
help  largely  to  determine  the  value  of  a  deposit  of  iron  ore. 

The  annual  production  of  iron  ores  in  the  United  Eingd<xn  is 
about  14  million  ton^,  classified  approximately  as  8  million  carhootte, 
3^  brown  ironstone,  2^  red  hematite,  and  150,000  tons  alumifion 
hematite.  The  Cumberland  ores  give  53>60  per  cent  metal  in  the 
furnace,  and  the  N.  Lancashire  51-55. 

For  all  practical  purposes,  our  home  production  of  ore  mtybe 
divided  into  the  two  categories  of  hematite  and  lias,  the  former  repre- 
sented by  Cumberland  and  Lancashire,  and  the  latter  by  ClevelM 
Lincolnshire,  and  Northamptonshire.  The  three  latter  districts  jm)- 
duce  more  than  50  per  cent,  and  the  former  18  per  cent  of  all  Uieirai 
ore  raised  in  the  United  Kingdom.  Of  the  lias  iron  ore  there  i» 
practically  an  unlimited  supply.  Of  hematite,  however,  the  quantitT 
available  is  more  uncertain ;  and  although  it  has  recently  been  prtmit 
by  new  discoveries  to  be  more  abundant  than  was  at  one  time  m^ 
posed,  it  is  doubtful  whether  the  present  annual  output  of  abwt 
2\  million  tons  could  be  largely  augmented  or  indeed  be  quite  maifi* 
tabed.  As  it  is  this  description  of  home  ore  that  is  insufficient  ^ 
our  requirements,  the  sources  of  external  supply  become  not  only  a 
important  but  a  pressing  question.* 

The  day  band  deposits  of  N.  Sta£fordshire  are  a  valuable  swud 
of  supplv  for  blast  furnaces,  and  contain  only  traces  of  phospboH 
and  sulphur.  Some  of  them  yield  90  per  cent  metal  after  caldnAtiiJ 
at  the  mine  mouth. 

The  iron  ores  of  the  United  Kingdom  are  mined  under 
advantageous  conditions,  as  regards  cost,  than  those  of  most  oi 
countries.  According  to  official  returns,  the  average  quantity  of  ir* 
ore  produced  per  miner  is  about  631  tons  per  annum  in  Luxembm^ 
559  tons  in  England  and  Wales,  352  tons  m  France,  228  tons  in  tbi 
United  States,  and  213  tons  in  Germany.  If  we  take  into  account^ 
fact  that  the  average  quality  of  the  iron  produced  in  England  is  mwfc 
higher  than  that  of  Luxemburg,  these  figures  would  indicate  thst^ 
have  the  cheapest  iron  ores  of  all  the  great  iron-producing  countri 
even  when  allowance  has  been  made  for  diflferenoes  in  the  rate 
wages.  Nor  is  our  position  less  favourable  as  regards  cost  of 
port :  in  general,  the  iron  ore  mines  are  less  than  30  miles  from 
place  at  which  they  are  smelted ;  in  Continental  countries,  and  in 
United  States,  no  similar  advantages  exist 

The  only  two  countries  in  Europe  other  than  our  own  that  app 
♦  J.  T.  Smith. 
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to  po8B60B  any  considerable  deposits  of  iron  ores  adapted  for  the  making 
of  nigh-class  Bessemer  iron  are  Spain  and  Sweden. 

Spain  has  two  districts  that  are  nnnsuaUy  rich  in  ores  of  high 
quality.  Up  to  the  present  time,  Bilbao  has  ttimed  out  about 
40  million  ton  of  ore ;  and  an  estimate  made  in  1884  put  the  total 
quantity  of  nnworked  ore  in  the  Sommorostro  district  at  50  million 
tons,  which  would  be  reduced,  if  it  still  held  good,  to  less  than 
30  million  at  the  present  time.  Farther  inland  are  large  virgin  fields 
of  ore,  which  are  computed  to  add  another  40  million  tons.  This 
would  meet  the  present  demand,  along  with  the  ores  of  Sommorostro, 
for  perhaps  20  years.  The  ores  of  the  South  of  Spain  are  virtually 
oDtoQched,  although,  so  far  as  can  be  ascertained,  they  are  of  at  least 
as  high  a  quality,  and  probably  can  be  worked  fully  as  cheaply,  as 
those  of  the  Nor&.  Between  Malaga  and  Garthagena  there  are  some 
large  and  easily-worked  deposits  of  hi^h-class  ores,  a  few  of  them 
mnning  up  to  as  much  as  65  per  cent,  iron,  and  at  least  one  or  two 
>f  them  within  20  miles  of  the  coast.  The  ores  of  the  South  of  Spain 
ire  well  adapted  for  the  Bessemer  and  open  hearth  processes,  and  it 
0  a  general  characteristic  of  these  ores  that  they  contain  considerably 
nore  manganese  than  those  found  in  the  North,  reaching  up  to  as 
nuch  as  4^  per  cent.,  and  averaging  in  some  districts  3j^  per  cent. ; 
vhile  they  exist  both  as  hematites  and  as  magnetites,  the  former 
KX»8ionally  running  more  or  less  into  spathic  ore.  It  has  been  found 
hat  ores  of  this  class  are  admirably  adapted  for  mixing  with  other 
dgb-class  ores,  such  as  the  hem^t^  of  West  Cumberland  and  Lake 
Superior.  The  mining  of  these  ores  has  at  present  hardly  commenced ; 
*ut  labour  is  vei^  cheap  in  the  South  of  Spain,  being  little  more  than 
ne-half  of  what  it  costs  in  the  North.  On  the  other  hand,  there  is  the 
rawback  of  greater  cost  of  transport.* 

The  rocks  associated  with  the  Bilbao  iron  ore  belone  to  the  Creta- 
eous  formation.  Blue  limestone  and  shales  are  found  above  it,  and 
imestone  and  schistous  grit  below  it.  The  latter  is  recognised  as  the 
cor  of  all  the  deposits.  The  ores  are  classed  as  follows : — ru&to,  a 
rown  hematite  or  hydrated  ferric  oxide  (FcjOs  +  HjO),  which  forms 
tie  great  bulk  of  all  now  produced ;  cam^nil^  a  red  hematite  or  ferric 
xide  (FeiOj),  containing  a  somewhat  less  quantity  of  water  in  com- 
ination ;  vena  dulce,  also  a  hydrated  feme  oxide  (FcsOs),  found  in 
dns,  is  of  a  soft  and  porous  nature,  and  is  more  or  less  intimately 
ixed  with  both  of  the  above  kinds ;  spathic  ore,  siderite  or  ferrous 
krbonate  (FeCOj).  The  upper  portion  of  the  deposits  generally  con- 
Bts  of  rybio.  It  is  fall  of  cavities,  some  of  which  contain  earth  and 
ay  ;  and,  consequently,  it  requires  more  careful  selection  than  the 
Jier  kinds.  It  has  always  a  honeycombed  appearance.  Brown 
^matite  and  spathic  ore  are  sometimes  found  mixed  in  broad  bands, 
cs^Uv  called  pedrisco.    The  deposits  are  all  of  aqueous  origin. 

The  quality  of  the  Bilbao  ores  for  smelting  purposes  is  exceedingly 
)od  ;  in  other  words,  they  are  easily  fused.  Bubio  contains  on  an 
rerage  about  50  per  cent  metallic  iron,  as  delivered  in  cargoes,  and 
mpanU  a  little  less.  Down  to  a  certain  depth  in  the  mines  the 
tality  seems  to  improve.    Beduced  metallic  yield  generally  arises 

/^J.  T.  Smith. 
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from  want  of  care  in  selection,  or  from  wet  weather  at  the  mines.,  when 
the  mineral  is  so  coated  with  mnddj  water  that  it  is  difficult  to  detect 
impurities.  In  the  annexed  table  are  average  analyses  of  the  foor 
kinds  of  Bilbao  ore,  compared  with  good  Cumberland  hematite  Mid 
the  best  ore  raised  in  the  Forest  of  Dean.* 

In  examining  these  analyses  the  following  points  seem  noteworthy. 
Rubio  and  campanil  do  not  differ  much  in  riclmess ;  but  in  the  former 
case  the  allied  minerals  consist  more  largely  of  silica  and  oombined 
water,  and  in  the  latter  case  of  lime  and  carbonic  acid.  Yena  is  richer 
in  iron  and  manganese,  and  freer  from  silica,  than  either  of  the  two 
kinds  previously  named.  In  lime  and  carbonic  acid  it  is  on  a  par  witk 
rubio,  and  in  freedom  from  combined  water  it  is  more  than  equal  'o 
campaniL  It  is,  therefore,  the  richest  and  purest  of  the  three  kisdii 
Gkx>d  Cumberland  hematite  ore  excels  rubio  and  campanil,  in  the  |m>- 
portion  of  iron  it  contains,  also  in  freedom  from  combined  water  and 
moisture ;  but  it  has  considerably  more  silica  and  alumina,  and  some- 
what more  sulphur  and  phosphoric  acid.  The  best  ore  obtained  fron 
the  Forest  of  Dean  is  considerably  richer  in  iron  than  rubio  and  cam- 
panil, and  almost  equal  to  vena ;  and  if  there  was  only  sufficient  of  it, 
and  it  could  be  cheaply  raised,  there  would  be  much  leas  need  t» 
import  from  abroad  than  is  now  the  case.  Spathic  ore  has  less  iron, 
and  more  silica,  combined  water,  carbonic  acid,  and  sulphur,  than  anj 
of  the  others  named.  If  calcined,  however,  it  loses  25  per  cent 
of  its  original  weight,  and  then  becomes  nearly  as  rick  and  pure  is 
rubio. 


Bnbio. 

Gampanil. 

Vena. 

Spathic. 

FerroQS 

Oarbonaieor 

Siderite. 

Good 
CunberiaMl 

BKtFA 

Brown 
Ueouuite. 

Hematite. 

Purple  Red 
Henuitlte. 

Ore. 

Red 

Hematite. 

percent 

peroral 

percent. 

percent. 

percent 

per  ad 

Peroxide  of  iron,  FejO, . . 

80-71 

78-426 

85-71 

82-280 

8S3( 

Protoxide  of  iroD,  FeO  .. 

,. 

.. 

., 

,, 

0^ 

Protoxide  of   manganese  1 
11\  per  cent,  MnO     . .  / 

0-92 

1-303 

.. 

0-419 

0^ 

Peroxide    of    manganese  |^ 
69i  per  cent.,  Bln,0,  ..j 

3-50 

•• 

-• 

•• 

*" 

Alumina,  A1,0,      ..      .. 

1-22 

1-130 

0-95 

3-060 

0-3 

Lime,CaO       

0-31 

3-55 

0-35 

,. 

1  If 

Magnesia,  MgO       ..      .. 

010 

0-18 

0-16 

0-180 

od 

Silica,  SiO,       

7-50 

5-48 

4-70 

11-68 

10-525 

ra 

Carbonic  acid,  CO,  ..      .. 

None 

4-50 

0-20 

oeoo 

m 

Sulphur,  8        

Traces 

Traces 

Traces 

1-09 

0-050 

0'«i 

Phosphoric  acid,  RO.    . . 
Combined  water,  lijd    . . 

0-03 

0-02 

002 

0-042 

otf 

9  00 

4-60 

4-15 

2-204 

SH 

99-79 

99-189 

99-74     1 

99-360 

»-« 

Loss  by  calcination . . 

.. 

.. 

.. 

2500 

•* 

Moisture 

11-00 

11-00 

14  00 

,, 

s-'so 

i\ 

Metallic  iron,  dry,  Fe     . . 

56-50 

54-90 

60-00 

57-60 

Iron  in  damp  ore     .. 

50-29 

48-87 

51-60 

40 -bo 

54-25 

Iron  in  calcined  ore 

•• 

•• 

•• 

53-33 

^  I 

*  . 
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The  miniog  condsts  in  the  removal  of  ore  by  cutting  away  in 
vrels  or  steps,  30-60  ffe.  high,  and  a  considerable  length.  In  some 
888  a  tunnel  is  made  at  or  below  the  lowest  level  of  the  ore,  and 
driven  in  as  far  as  the  working  £ioe.  A  shaft  and  side  entrances 
e  made  down  to  it,  and  through  these  the  ore  is  shot  and  loaded 
to  tracks.  The  quarry  levels  are  worked  gradually  down  to  and 
en  below  the  tunnel.  But  in  the  latter  case  a  shell  of  unworked 
ineral  is  retained  round  it,  to  protect  the  rolling  stock  from  the 
suits  of  blasting,  &a  It  is  customary  to  drill  deep  holes  into  the 
>rking  faces  with  a  succession  of  jumpers,  longer  and  larger  ones 
ing  employed  until  a  depth  of  nearly  30  ft.  is  reached.  A 
aU  oharge  of  dynamite  is  tnen  inserted,  and  fired  by  a  fuse.  This 
larges  the  end  of  the  hole  into  a  chamber,  into  which  is  introduced 
arger  quantity  of  d3mamite,  and  the  explosion  of  this  brings  down 
onsiderable  quantity  of  mineral.  No  machine  drilling  is  in  use. 
K>nt  2000-3000  tons  are  the  largest  quantities  usually  brought 
prn  by  a  single  blast.  Vena  ore  can  be  easily  got  with  a  pick, 
ter  disintegration  by  blasting,  the  fiallen  masses  are  immediately 
acked  by  men  and  boys  with  hammers,  wedges,  and  crow-bars,  and 
it  up  into  piecesof  a  portable  size;  impurities  are  here  separated, 
1  taken  to  the  spoil  heap.  The  cost  of  quarrying  and  selecting 
ies  considerably,  according  to  circumstances.  In  a  few  campanil 
Qes  it  is  as  low  as  1<.  per  ton ;  but  in  rubio  mines,  where  more 
action  is  necessary,  it  goes  up  to  2«.  Of  this,  2^.-4^.  per  ton  is 
explosiTcs  and  tools,  and  the  rest  for  labour. 
T^^o  kinds  of  aerial  tramways  are  used :  about  20  miles  of  Hodg- 
's  and  2  miles  of  Bleichert's.  In  Hodgson's  system  an  endless  steel 
e  rope  is  made  to  travel  by  means  of  an  engine  fixed  at  the  lower 
^  The  buckets  are  hooked  on  to  the  rope  at  intervals,  and  move 
h  it,  passing  over  the  pulleys  as  they  come  to  them.  The  fall 
kets  travel  in  one  direction,  which  is  generally  down  hill,  and  the 
^tj  buckets  in  the  opposite  direction  on  the  return  rope.  At  either 
uintis  they  are  switched  on  to  an  outer  rail,  to  be  loaded  or  tipped, 
a  ran  round  on  two  rollers  attached  to  the  hanger,  and  finally 
)red  on  the  return  rope.  At  each  "angle"  for  changing  the 
<rtian  of  the  route  they  are  switched  by  hand.  Stretches  must 
exceed  2  miles  each  ;  there  may  be  sevenJ  endless  ropes  on  each 
of  trestles,  but  two  is  the  most  usuaL  The  quantity  conveyed  is 
at  2000  tons  per  rope  per  week  of  72  hours.  Each  bucket  holds 
vt^  and  one  passes  every  26  seconds,  which  is  equivalent  to  28 
\  per  hour.  The  place  where  the  hanger  bears  upon  the  wire 
»  is  furnished  with  a  seating  of  rubber,  which  acts  as  a  spring,  and 
IS  the  rope  without  damaging  it.  The  system  will  not  do  where 
inclination  exceeds  1  in  4,  as  then  the  hangers  slip  upon  the  rope 
wb\  -weather.  To  obviate  this  difficulty,  Bleichert's  system  was 
oduced.  In  this  the  main  rope  is  stationary,  the  buckets  travel- 
on  ity  as  on  a  rail,  and  being  hauled  by  a  subsidiary  rope ;  when 
gradient  exceeds  1  in  4  the  traffic  becomes  self-acting.  But  it  is 
3  costly  in  construction  and  in  maintenance,  and  it  is  not  capable 
nplication  on  the  same  trestles.  1  he  two  ropes  only  \^t  a  single 
,    a»   compared  with  one  rope  lasting  two  years  in  Ho<lg«on*s 
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system.  The  relative  costs  of  oonstruction  are — Hodgson's,  about 
2000Z.  per  mile,  single  line ;  Bleichert*s,  about  4000Z.  But  the  latter 
system  is  capable  of  conveying  nearly  one-half  more  than  the  fonner 
per  annum.  The  cottt  of  transport  is  about  the  same  in  each  ^sm. 
viz.  l\dL,  to  \n.  ^r  ton  per  mile.  In  both  systems  a  powerfnl  brab; 
is  required  to  regulate  the  speed,  and  tightening  apparatus  to  ke«p 
the  rope  in  uniform  tension.  In  addition,  there  are  a  number  of  self- 
acting  rope  and  drum  inclined  planes,  built  by  the  Consett  Irai 
Works,  near  Durham.    These  operate  at  a  cost  of  3<2.-4d.  a  ton.* 

Sweden  and  Lapland  possess  enormous  iron  ore  deposits.  Tb 
Swedish  ores  are  remarkably  free  from  phosphorus,  Dannemora  odti- 
taining  only  '003  per  oent.,  Persberg  -004- '005  per  cent^  Ston 
Bispberg  under  *  01  per  cent. ;  but  in  Grangesberg,  and  in  GelliT&m 
Eirunavara,  and  other  places  in  Lapland,  the  percentage  readies  4-6, 
or  even  more.f 

The  Gellivara  and  neighbouring  deposits  are  of  gigantic  propcr- 
tions,  and  official  surveys  report  of  them : —  (a)  that  the  ore  is  afl 
more  or  less  magnetic,  the  metallic  iron  contained  being  in  the  cofr 
dition  of  protoxide,  peroxide,  or  magnetic  oxide,  or  a  combinati(K)  ^ 
these ;  (6;  that  it  is  found  in  lodes  or  veins,  which,  together  witii  tbi 
bedrocks  in  which  they  lie,  appear  to  have  had  an  intrusive  origin,  izk 
are  usually  more  or  less  distorted ;  (c)  that  the  lodes  are  assocUl^ 
with  gneiss,  quartz,  felspar,  granite,  hornblende,  and  mica  scbist 
corundum,  fluor-spar,  calcHspar,  actinolite,  adamantine,  asbestos,  epi 
dote,  and  garnets  are  also  found  in  or  about  them ;  (^)  that  the  pH  « 
phorus  is  in  the  form  of  apatite  (Ca32P04),  and  can  to  a  great  exted 
be  separated  by  hand-picking ;  (e)  that  ore  sufficiently  free  froa 
phosphorus  for  acid  steel  purposes  is  but  a  portion,  say  one-fifth,  < 
the  whole. 

The  deposits  of  limonite  now  in  process  of  formation  in  someo 
the  Swedish  lakes,  and  from  which  they  are  periodically  dredged,  &r 
geologically  interesting,  but  not  economically  important. 

The  iron  ores  of  the  island  of  Elba,  once  deemed  so  importui 
embrace  specular  ore,  hematite,  limonite,  magnetite,  and  spattiic  oa 
bonate.  The  veinstuff  is  quartz,  and  the  ores  generaUy  contaai 
titanium  and  manganese.  The  deposits  are  ascribed  to  ferrugiiioi 
thermal  springs.  , 

The  United  States  produce  some  16  million  tons  of  iron  ore  yesiQ 
The  relative  importance  (in  tons)  of  the  different  kinds  in  1880  u 
1890  is  shown  in  the  following  figures : — 

1880.  1890. 

Hematite 2^  million  10}  miJlion 

Magnetite 2^      „  2J      „ 

Limonite 2^       „  2|      „ 

8iderit6     ..     1        „  \      n 

Pennsylvania  leads  in  limonite,  Michigan  in  hematite.  New  Yod 
in  magnetite,  and  Ohio  in  siderite,  mining  no  other  kind.  The  ■! 
famous  iron-ore  mine  in  the  country  is  that  at  Cornwall,  PemMjl 
vania,  which  has  been  in  operation  since  1740,  and  has  yielded  i 

*  J.  Head,  Brit.  Abboc.  f  H.  Lnndholm. 

Digitized  by  VjOOQIC 


METALLIFEROUS  MINERALS,  493 

ban  10,000,000  tons  of  magnetite.  The  production  of  limonite  is  more 
ddely  extended  than  that  of  any  other  variety ;  it  is  raised  in  24 
tates,  hematite  in  17.  magnetite  in  13,  and  siderite  in  8.  The  aver- 
a;e  contents  of  metallic  iron  in  the  ores  of  the  United  States  was 
1-07  per  cent  by  the  census  of  1880,  and  61*27  per  cent,  by  that 
r  1890.  The  richest  ores  (60  per  cent.)  are  mined  in  Minnesota,  and 
le  poorest  (40*7  per  cent.)  in  Georgia  and  North  Carolina.  With 
je  exception  of  the  Cranberry  mines  in  North  Carolina,  which  in 
392  produced  18,433  tonfs  no  Bessemer  ore  of  any  moment  is  mined 
i  the  Southern  States. 

Wherever  the  Clinton  stage  of  the  Upper  Silurian  outcrops,  it 
JDoet  invariably  contains  one  or  more  beds  of  red  hematite,  inter- 
ratified  with  shales  and  limestones.  These  ores  are  of  extraordinary 
irsistenoe.  In  general,  the  Clinton  ore  is  characterised  by  a  high 
^rcenta^e  of  phosphorus,  and  is  seldom,  if  ever,  available  for  Bes- 
mer  pig ;  it  is  chiefly  employed  for  ordinary  foundry  irons,  the 
»roentage  of  iron  varying  much.  These  hematites  have  undoubtedly 
iginated  in  some  ca^es  by  the  weathering  of  ferruginous  limestones 
>ove  the  water  level.  The  unaltered  limestones  at  the  bottom  of  a 
ine  at  Alalia,  250  ft.  from  the  surface,  contained  but  7  •  76  per  cent. 
>n,  while  the  outcrop  a£forded  57  *  52  per  cent. ;  in  another  case  there 
IS  a  gradual  increase  of  lime  from  a  trace  at  the  outcrop  to  30*55 
r  cent,  at  135  ft.  Geologists  have  explained  these  beds  as  due  to 
e  bringing  of  iron  in  solution  into  the  sea  of  the  Clinton  age,  and 
its  deposition  as  small  nodules,  or  as  ferruginous  mud,  forming  an 
litic  mass,  as  in  the  modem  Swedish  lakes.  The  structure  of  the 
3  varies :  (a)  it  is  a  replacement  of  fossils,  such  as  crinoid  stems, 
>llascan  remains,  <&c.  (fossil  ore)  ;  (6)  sniail  oolitic  concretions,  like 
xseed  (flaxseed  ore,  oolitic  ore,  lenticular  ore)  ;  (c)  elsewhere  it  is 
own  as  dyestone  ore.  In  many  places  it  is  really  a  highly  ferrugi- 
as  limestone,  and  below  the  water  level  in  the  unaltered  portion  it 
en  passes  into  limestone,  while  along  the  outcrop  it  is  quite  rich. 
The  important  Lake  Superior  deposits  are  b<»dies  of  hematite,  both 
I  and  specular,  soft  and  hard,  in  metamorphic  rocks;  they  vary 
lely  in  shape,  although  at  times  are  quite  perfectly  lenticular ;  and 
I  usually  associated  with  jasper  and  chert,  having  for  a  footwall  a 
atively  impervious  rook  of  some  sort.  Magnetite  is  at  tiroes 
«ent.  They  are  of  varying  physical  structure  and  associations, 
e  five  principal  ore-producing  belts  or  districts  (also  called 
injces,"  as  they  follow  ranges  of  low  hills)  are  the  Marquette,  the 
nominee,  the  Gogebic  or  Penokee-Gogebic,  the  YermiUon  Lake, 
I  the  Mesabi  (Mesaba).  The  geology  of  these  districts  has  been  a 
ject  of  much  controversy.  The  ore  bodies  were  in  earlier  years 
lerally  regarded  as  true  beds  of  greater  or  less  extent,  and  often  of 
At  irregularity.  They  approximate  a  lenticular  shape  in  the 
iplest  development,  as  is  shown  in  the  less  disturbed  districts,  but 
the  Marquette  region  this  is  at  times  obscured  by  the  excessive 
tnrbances.  They  often  follow  the  foldings  of  the  walls,  particu- 
\y  in  synclinal  troughs.  Later  developments  have  brought  out  the 
t  that  the  ore  bodies  are  associated  with  some  underlying  rock  that 
elatively  impervious.  The  favourite  one  is  the  so-called  "  soaprock," 
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an  altered  igneous  intrusion  that  is  chiefly  in  dykes.  Beds  of  jaspei 
seem  to  play  the  same  r6le.  Van  Hise  notes  4  deposits :  (a)  on  tbii 
contaot  of  a  quartzite  conglomerate  (the  base  of  the  Upper  Marquette 
and  the  ore-bearing  formation ;  (6)  on  soaprock,  which  gradei  intj 
massive  diorite ;  (c)  on  dykes  of  soaprock,  which  follow  along  or  cut 
across  the  ore-bearing  formations ;  (d)  interbodded  in  the  jasper  d 
chert  On  the  east  the  soft  hematites  (limonites)  are  first  met ;  tbei 
in  going  west  the  red  and  specular  hematites ;  and  then  the  magDeti>: 
character  increases,  until  at  the  western  end  of  the  district  the  mag 
netites  are  most  abundant. 

In  the  Menominee  district,  the  geological  Roction  immedifttel} 
associated  with  the  ore  involves  {a)  1200  ft.  of  silioious  ("  Norway  ^ 
limestone ;  (6)  1000  ft.  of  the  Quinnesec  ore  group,  consisting  of  lim^ 
stone,  silicious  or  jaspenr  slates,  hydromica  schists  and  slates,  and  on 
bodies ;  (c)  the  Lake  Hanbury  slate  group,  overlaid  unoonformabh 
by  Potsdam  sandstone.  The  ore  occurs  along  two  or  three  plsnei  i 
deposition  in  6,  and  not  far  from  contact  with  a.  Fig.  140  iUustntef  * 
the  general  structure :  a,  silicious  (Norway)  limestone ;  b,  QoinneM 
ore  group ;  c,  Lake  Hanbury  slates ;  d,  Potsdam  sandstone ;  t^  ni 
ore ;  /,  blue  ore. 


FiQ.  140. — Ibon  Deposits:  Menominse. 

Li  the  Penokee-Gogebic  district  the  rocks  are  less  metamorpbod 
The  strata  run  E.-W.  with  a  N.  dip  of  60°-«0°,  and  with  no  snbcrf 
nate  folds ;  they  consist  of  cherty  limestone  at  the  base,  followed  \ 
quartz,  slates,  quartzite,  iron  ore,  and  ferruginous  cherts,  and  fio^ 
slate  and  schists  ;  and  are  traversed  by  dykes.     The  ore  is  a  soft,  r«j 
somewhat  hydrated  hematite,  with  more  or  less  manganese,  which  i 
often  considerable,  and  is  most  abundant  in  the  southern  mines ;  ^ 
specular  is  rare.     Van  Hise  has  proved  the  ore  bodies  to  be  in  ^ 
troughs  formed  by  the  intersection  of  northerly  dippins^  cwnf* 
quaitzites,  and  southerly  dipping  trap  dykes.     He  has  traced  the  'mA 
to  a  source  in  the  layers  of  cherty  car 
ites  and  above  them.     From  this 
percolating  water,  and  has  been  depc 
where  it  has  replaced  the  original  ca 

The  ores  from  Tower  and  Ely,  in 
high-grade  Bessemer,  and  are  produc 

In   the   Mesabi   district,t   the   o 


♦  J.  Fulton,  Trans.  Amer.  Ini 
t  J.  F.  Kemp,  *  Ore  Deposits. 
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Animikie)  and  over  the  quartzite  (Pewabio) ;  the  ore  bodies  are  all 
»uth  of  the  granite  ridge  called  the  Giants'  range.  Upon  the 
K)uthem  islopes  of  this  range  lie  the  green  schists  of  the  Eeewatin, 
mconibrmabljr  i»verlain  by  the  Pewabio  quartzite ;  on  this  rests  the 
)re-b6aring  rock,  jasperj  quartzite  ("  taoonite  ") ;  over  this,  in  order, 
.'ome  greenish  silicious  slates  and  cherts,  black  slates  (Animikie),  and 
^eat  masses  of  gabbro.  On  the  flanks  of  the  Giants'  range  the  dip 
8  steep,  but  it  flattens  out  nearly  to  horizontality  away  from  the 
^nite.  The  ore  bodies  lie  on  the  southerly  slopes  of  low  hills,  and 
re  found  immediately  below  the  mantle  of  glacici  drift,  which  yaries 
ip  to  100  ft.  in  thickness.  The  ore  is  (a)  soft,  blue,  earthy,  and 
andy  hematite,  and  (6)  hard  specular ;  with  these  are  limonites  and 
>aint  ores.  The  sections  show  at  times  50  ft  and  more  of  excellent 
lematite,  which  may  be  of  exceptional  purity  and  far  below  the 
Bessemer  limit  of  phosphorus,  or  which  may  slightly  exceed  it,  but 
Q  general  it  is  quite  high-grade,  silicious,  low  phosphorus  ore.  The 
re  bodies  may  be  directly  on  the  Pewabio  quartzite,  as  seems  usual, 


Fig.  141.— Ibon  Dbposits:  Biwabik. 

r  else  entirely  in  the  taconite.  They  fade  out  into  the  latter  along 
le  dip.  They  are  regarded  as  having  originated  by  replacement  of 
16  taconite.  This  rock  sometimes  contains  calcareous  streaks,  that 
sive  perhaps  aided  in  furnishing  the  carbonic  acid,  which,  it  is 
lOQght,  has  dissolved  the  silica  of  the  quartzite  (taconite)  in  the 
^placement  process.     Fig.  141  illustrates  a  section  at  the  Biwabik : 

green  schist;  6,  quartzite;  c,  banded  ore  and  taconite;  d,  slates; 

glacial  drift ;  /,  ore.  When  the  surface  is  stripped  o£f,  the  ore  is 
tnnd  in  flat  deposits,  covering  60  or  more  acres,  and  20-90  ft.  thick, 
est  pits  are  sunk  in  places  117  ft.  deep  by  pick  and  shovel,  with- 
it  a  single  drill  hole  or  blast  of  powder.  In  other  spots  there  may 
5  20  or  30  ft,  in  a  pit  which  is  too  hard  to  pick.  This  can  be  thrown 
>wn  in  large  quantities  when  there  is  once  a  face  on  it,  and  can  then 
)  loaded  by  hand  or  steam-shovel.  Where  no  blasting  is  required, 
le  expense  of  loading  cars  by  hand  labour  will  not  exceed  25  cents 
#.)  per  ton;  by  steam  shovel  it  may  reach  10  cents  (5d.).  Where 
te  ore  is  hard  enough  to  blast,  the  expense  of  excavating  and  loading 
K  cars  may  reach  &  cents  (1«.  8d.).  When  the  surface  is  removed, 
le  ore  is  practically  in  a  huge  stock-pile,  containing,  in  some  instances. 
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aeyeral  miUioiiB  of  tonEU    At  the  maximiim  cost  of  miTiiTig  thk 
hand,  and  in  hard  ore,  the  cost  of  stripping  and  placing  ore  on 
is  48  cents  (2«.)  per  ton.     The  minimum  cost  is  11*2  cents,  (r 
The  ayerage  is  about  29*5  cents  (1«.  3<2.).     But  as  there  is  moio 
ore  than  hard,  the  average  may  be  expected  to  be  about  25  cents ' 
The  average  quality  of  145  samples  from   12  mines   gives : 
61*05;  silica,  6*18;  phosphorus,  -0544.    Manganese  was  found 
54  of  these  samples  varying  in  amount  from  -  06  to  1  *  657  per 
and  with  an  average  of  -667.    Of  the  12  mines  the  Biwabik 
the  best  showing,  giving  as  an  average  of  60  samples :  iron,  63 
silica,  3-46;  phosphorus,  -0455.* 

Iron  Mountain,  Missouri,  consists  of  felspar  porphyries,  m(^« 
less  altered,  and  seamed  with  one  large  parent  mass  of  ore,  and 
numerable  minor  veins  that  radiate  into  the  surrounding  rook.  U] 
the  flanks  of  the  porphyry  hill  rests  a  mantling  succession  of  i 
mentary  rocks,  that  dip  away  on  all  sides.  The  lowest  member 
conglomerate  of  ore  fragments,  weathered  porphyry,  and  residual 
left  by  its  alteration,  and  now  the  principal  source  of  ore.  It 
mined  underground,  hoisted  and  washed  by  hydraulic  methods,  " 
those  employed  in  the  auriferous  gravels  of  California,  and 
jigged.    The  apatite  has  largely  weathered  out  of  it. 

Beds  of  magnetite,  often  lenticular  interstratified  with  Arched 
gneisses  and  crystalline  limestones,  are  extensively  developed  in  th 
Adirondacks,  in  the  New  York  and  New  Jersey  Highlands,  and  ) 
western  North  Carolina.  Titanium  is  often  present  in  such  amonDl 
as  to  render  the  ore  valueless ;  and  apatite  is  always  found,  althon^ 
it  may  be  in  very  small  quantity.  Chlorite,  hornblende,  angiti 
epidote,  quartz,  felspar,  and  a  little  calcite  are  the  common  associatd 
minerals.  The  Adirondacks  are  very  largely  knobs  of  a  rock,  wbid 
is  chiefly  labradorite,  with  some  hypersthene  and  other  bisilicato 
and  variously  called  labrador-rock,  norite,  hypersthene-rock,  anoc 
thoeite,  &c.  Associated  with  it,  especially  in  the  foothills,  are  gneia 
and  crystalline  limestones,  in  the  former  of  which  occur  the  magneiiti 
deposits  now  wrought ;  but  there  are  also  large  bodies  of  magnetit 
in  true  igneous  gabbros.  The  Chateaugay  ore  body  is  really  a  bed  o 
gneiss  very  rich  in  magnetite,  rich  enough  in  places  to  afford  a  mer 
chantable  ore;  great  part  of  it,  however,  requires  oonoentratacu 
Commercially  the  Adirondack  ores  are  divided  into  (a)  high  in  phos 
phorus  but  low  in  sulphur ;  (6)  low  in  both  phosphorus  and  sulphur 
(c)  pyritous ;  (eJ)  titaniferous.  Under  d  come  numerous  beds  whid 
are  worthless,  out  which,  if  the  titanium  could  be  neutralised,  wonlc 
be  very  valuable.  Mineville  is  by  far  the  most  productive  region 
(400,000  to  500,000  tons  yearly) ;  Chateaugay  and  HammondviUe  an 
nextt  Similar  lenticular  beds  occur  in  the  Archsoan  gneiss  ad 
crystalline  limestone  in  New  York,  New  Jersey,  and  Pennsylvasia 
and  are  more  regularly  distributed.  The  Tilly  Foster  mine  is  typical 
and  important.  The  Chaffee  county,  Colorado,  lenses  are  in  syenite 
(Silurian  age") ;  the  ores  average  57  per  cent,  iron,  •  1-2  sulphur,  an^ 
only  -009  pnosphorus.  Immense  beds  of  soft  magnetite  occnr  a< 
Cornwall,  Pennsylvania,  associated  with  green  slates,  Cambrian  lime- 
♦  H.  V.  Winchell.  f  J.  F.  Kemp,  •  Ore  Deposita.' 
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itones,  and  Triassio  sandstones,  pierced  by  dykes  of  Triassio  diabase. 
The  ore  is  mined  in  enormons  quantities  by  open  cuts.  In  Iron 
ionnty,  Utah,  are  beds  of  magnetite  and  hematite  bearing  evidence 
^f  being  metamorphosed  limonite,  in  limestones  of  questionable 
iilarian  age,  and  associated  with  eruptive  rocks  described  as  trachyte. 
Che  limestones  have  been  much  upturned,  metamorphosed,  and  pierced 
»y  dykes  and  eruptive  masses.  The  ore  forms  great  projecting  ridges 
nd  prominent  outcrops,  locally  called  "blow-outs,"  of  the  usual 
^Dtioular  shape.  Magnetite  sands  are  concentrated  on  many  sea- 
eaches,  but  uie  proportion  of  titanic  acid  generally  present  is  a  bar 

3  their  use  on  account  of  its  destructive  action  on  the  furnace  linings. 

Limonites,  in  their  simplest  form  as  bog  iron,  are  not  often  prac^ 
ically  available,  on  account  of  low  percentage  in  iron  Tdue  to  sand 
ad  silt  washed  in)  and  frequent  large  amounts  of  sulphur  (pyrite) 
ad  phosphoros  (Vivianite).  Sometimes  much  chromium  is  present, 
rben  the  ore  has  oeen  formed  by  leaching  serpentine.  Beds  resulting 
rem  basalt  occur  in  Ireland  and  Hesse.  An  oolite  or  limonite  sand 
)rm8  in  some  Swedish  lakes  at  the  rate  of  about  1  ft.  in  20  years, 
blorado  limonites  are  found  in  cavities  in  Silurian  limestone,  and  are 
sed  as  flux  in  lead  smelting,  while  a  similar  use  is  made  of  limonites 
jcountered  in  Carboniferous  limestones  in  Utah.  Sometimes  (in 
[assaohusetts,  <&c.)  limonite  forms  geodes,  or  **  pots,"  pipes,  stalactitio 
lasses,  cellular  aggregates,  and  smaller  lumps,  from  which  the  barren 
ays  and  ochres  can  be  removed  by  washing.  The  ore  is  but  a 
action  of  the  material  mined,  occurring  in  irregular  streaks  through 
le  clays,  &c.,  and  is  mostly  obtained  by  stripping  and  open  cuts, 
imonites  are  commonly  formed  by  the  weathering  of  ferruginous 
nestones.    They  are  not  generally  Bessemer  ores. 

Siderite  or  spathic  iron  ore  often  contains  more  or  less  calcium, 
agnedum,  and  manganese.  When  concretionary,  embedded  in 
tales,  and  containing  much  clay,  the  ore  is  called  *'  clay  ironstone ;" 
hen  the  concretions  enlarge  and  coalesce,  so  as  to  form  beds  of 
[nited  extent,  generally  containing  much  bituminous  matter,  they 
e  called  "  black-band,"  and  are  chiefly  developed  in  connection  with 
cal  seams ;  when  in  beds,  it  is  sometimes  called  '*  flagstone "  ore  % 
hen  broken  into  rectangular  masses  by  joints,  "  block  "  ore.  The 
-called  **  ferriferous  "  limestone  of  Pennsylvania  aflbrds  beds  of  car- 
mate  known  as  *'  buhrstone"  ore,  which  is  largely  altered  to  limonite 
a  common  feature  with  siderites.  They  are  especially  found  in  the 
urboniferous,  sometimes  in  Jura-Trias,  and  rarely  in  Cretaceoua 
ds. 

The  Ouban  iron  ore  deposits,  found  in  the  Sierra  Maestra  range,  are 
le  of  the  most  important  groups  of  Bessemer  iron  mines  in  the  world, 
id  are  operated  by  Philadelphia  smelters.  The  oto  can  be  mined 
ith  great  facility  by  open  cuts.    Analyses  show  67^  per  cent,  iron, 

4  silica,  *026  sulphur,  and  '014  phosphorus,  on  delivered  cargoes. 
Pyrite  beds  are  not  valuable  for  their  iron  in  a  crude  state,  as  the 

Iphur  must  flrst  be  removed.    This  is  usually  done  in  sulphuric 
id  works,  by  which  the  sulphur  is  utilised.     The  "  cinders  "  are 
terwards  available  for  iron-making  or  for  mineral  paints. 
Of  importance  in  connection  with  iron  ore  deposits  are  the  recent 

2  K 
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fitndies  *  of  the  distribution  of  phosplionis  along  certain  (^  isoebeauc" 
lines  in  the  beds,  by  a  knowledge  of  which  it  is  possible  to  ka^  iboi 
valuable  Bessemer  ore  distinct  Irom  less  yaluable. 

CcfneenkraHim. — The  enrichment  of  iron  ores  is  aocxnnpliahed  \ 
washing,  screening,  and  jig^g,  to  remove  clay,  sand,  and  simili 
impurities ;  roasting,  to  eliminate  water,  sulphur,  and  carbonic  acid 
and  magnetic  concentration. 

Dry  screening  to  remove  an  excess  of  earthy  matter  and  aaad  Im 
given  fair  results  in  cases  where  the  ore  has  simply  been  mixed  wit 
these  constituents ;  but  it  causes  a  waste  of  the  very  fine  ore,  and  i 
material  useful  for  pain^making,  while  it  leaves  both  stones  an 
scoria  behind,  and  unless  the  ore  averages  45-47  per  cent,  metolii 
iron  in  the  first  instance,  there  is  much  difficulty  in  getting  it  up  \ 
the  necessary  50. 

Another  system  has  been  adopted  for  removing  the  aand  fira 
somewhat  adhesive  furnace  ores,  though  it  causes  the  loss  of  a 
under  2*75  mm.  in  size,  and  any  greasy  metaL  The  apparatus  coi 
sists  of  a  cylinder  of  boiler  plate  12-16  ft.  long,  having  an  xntenu 
angle  iron  screw  to  carry  the  ore  forward  as  it  is  scoured.  At  the  « 
of  the  barrel  a  hood  is  fixed,  the  circumferential  edge  of  whidi  i 
composed  of  perforated  steel  plate,  through  which  the  finer  portioi 
of  the  mass  escape,  and  the  large  parts,  which  consist  of  comparative 

Sure  ore,  is  lifted  by  buckets  and  pitched  on  to  a  tron^  whic 
clivers  it  into  wagons.  Water  and  crude  ore  are  put  into  the  bac 
end  of  the  barrel,  which  works  on  friction  rollers,  the  barrel  revohio 
at  about  100  ft  per  minute.  Some  10-12  tons  of  crude  ore  per  hoi 
can  be  dressed  in  this  manner,  but  the  waste  is  great,  and  is  general] 
composed  of  that  portion  of  the  ore  which  is  richest  in  metallic  iroi 
EeaUy  this  hooded  cylinder  is  only  fitted  for  the  removal  of  Bilk 
when  it  is  in  the  form  of  sand,  and  of  such  matters  as  will  be  broke 
up  and  removed  by  the  water.  Stones,  scoria  and  other  wa«te  t<: 
large  to  pass  through  the  perforated  hood,  and  which  cannot  be  see 
by  the  pickers  in  the  wagons,  will  of  necessity  remain,  and  whei 
gravel  and  pebbles  are  anyway  abundant,  the  sample  of  dressed  oi 
will  be  poor. 

Aluminous  ores  can  be  treated  by  the  wet  process,  and  vnll  gii 
two  products,  one  of  which  is  very  rich  in  metallic  iron  for  blai 
furnace  or  annealing  (puddling)  purposes ;  the  other,  which  consist 
of  aluminous  earth  and  a  proportion  of  iron  ore,  being  fit  for  pain 
making.  Magnetite  can  also  be  treated  by  the  wet  prooees,  but  whei 
ores  are  already  magnetic,  or  can  be  made  magnetic  by  roastini 
magnetic  concentration  is  a  cheaper  and  better  way  of  handling  thei 
In  the  Green  and  Kennedy  arrangement,  the  cmae  ore  is  passed  inl 
a  revolving  barrel  or  cylinder  placed  at  an  angle,  and  having  an  angl 
iron  screw  or  worm  along  its  length  to  propel  the  ore  forward.  Aboi 
3  ft.  of  the  upper  end  has  perforations  \  in.  diam.  through  whidi  A 
finer  parts  escape,  and  are  carried  to  the  revolving  sizing  screens  vm 
'water  classifiers,  which  deliver  the  fine  ore  to  jigs  and  buddies  whei 
it  is  separated  and  cleaned.  The  large  ore  from  the  barrel  is  tak^i  o 
to  a  talile  which  swings  to  and  fro  with  a  jerking  motion,  and  whil 

♦  D.  H.  Browne. 
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m  thiB  table  it  is  hand-pioked  to  temove  all  waste  and  rubbish  as  far 
18  pofldble.  The  whole  of  the  concentrated  ore  is  then  delivered  into 
vasons  or  hoppers.  Clay  is  sent  to  a  disintegrator.  The  cost  of 
lealiDg  with  the  ore  is  high,  and  even  with  a  free  sandy  ore  too  many 
lands  are  needed  to  secure  the  greatest  economy.  However,  these 
>Iant8  have  raised  crude  ore  from  35  per  cent,  to  51  per  cent,  metallio 
ron  with  a  corresponding  loss  in  silicious  insolubles.  With  an 
Terage  analysis  of  36*90  per  cent,  metallic  iron,  39-03  silicious 
DBoliU)les,  and  7*94  moisture,  in  the  crude  ores,  an  average  result  in 
he  concentrate  when  treating  over  11,350  tons  of  crude  ore,  was  51  *  11 
letallic  iron,  20*31  insolubles,  and  3*65  moisture.  The  highest 
oesible  result  to  be  had  with  the  ore  treated  would  be  54*  10  per  cent, 
letallic  iron,  19*24  insolubles,  and  1  *30  moisture,  this  1)eing  obtained 
rom  especially  selected  hand-picked  samples.  The  loss  in  bulk  of 
rode  ore  was  practically  43*32  per  cent.  The  average  amount  of 
re  treated  was  360  tons  per  week  of  48  hours,  and  the  cost  of  treat- 
lent  was  just  over  8J.  per  ton.* 

At  the  Champion  mine,  Marquette,  hand  sorting  is  so  e£fectually 
arformed  that  4  grades  are  obtained,  giving  respectively  66 j^ 
er  cent,  and  upwards,  63J«66i,  60-63J^,  and  57-60.  With  wages 
ding  at  7«.  a  day,  and  a  man's  average  capability  being  7  tons  crude, 
le  cost  for  labour  is  Is.  7d.  a  ton  on  the  5  tons  selected. 

In  all  systems  of  concentration,  the  comminution  and  sizing  of  the 
aterial  to  be  treated  are  of  primary  importance ;  the  degree  of  fin^ 
S8  to  which  an  ore  will  be  crushed  for  separation,  and  the  special 
achinerv  employed,  is  affected  by  (a)  the  size  of  the  grains  or 
ystals  in  the  crude  ore;  (6)  the  foreign  matter  which  is  to  be 
iminated,  and  its  physical  condition ;  (c)  the  purpose  for  which  the 
ncentrate  is  to  be  used ;  (di)  the  condition  of  the  ore  and  the  method 
aployed  for  separation.  If  the  ore  to  be  treated  is  a  magnetite  with 
rge  crystals,  or  if  the  object  of  separation  is  to  remove  silicious 
aterial  only,  a  coarser  sizing  can  be  employed  than  in  other  cases ; 
r  practically,  complete  elimination  of  silica  is  not  at  present  essen- 
kl,  and  in  some  ores  a  e^ystem  of  mechanical  sorting  or  cobbing, 
toting  pieces  from  fist  to  walnut  size,  may  be  practicable.  If,  hew- 
er, the  ore  is  dense,  and  the  crystallisation  or  granulation  fine,  or  if 
atite  is  to  be  removed,  the  reduction,  of  size  must  be  carried  further, 
as  to  separate,  as  far  as  practicable,  each  particle  of  magnetite  from 
e  other  materials.  In  dephosphorisation  by  mechanical  means  a 
w  hundredths  of  1  per  cent,  phosphorus  will  determine  whether  the 
3  will  be  in  or  outside  the  Bessemer  limit,  and  hence  influence  its 
mmercial  value.  The  extent  to  which  an  ore  is  to  be  crushed  will 
o  be  influenced  by  the  demand  for  certain  sizes  or  by  the  objection 
others.  The  condition  of  the  crude  ore  will  materially  influence 
9  machinery  to  be  employed,  a  dry  or  a  thoroughly  wet  ore  beinff 
der  to  manage  than  one  which  is  damp  or  partially  saturated  with 
dstnre.  The  problem,  therefore,  is  to  be  determined  specially  for 
di  ore  to  be  treated.f 

At  the  mines  of  the  Ghateaugay  Co.,  New  York,  the  ore,  a  mag- 
tite  containing  30-40  per  cent,  iron,  mixed  with  fragments  of 
*  W.  J.  May.         t  See  Mpynard  and  Kunhardt,  in  School  Bfinea  Qly^  is.  2. 

2  K  2^ 

Digitized  by  VjOOQIC 


Soo  ECONOMIC  MINING, 

quartz,  felspar,  hornblende,  mioa  and  trap  is  oonoentrated  in  a  modified 
Conkling  jig.    It  is  first  crushed  to  2  m.  or  less  by  two  large  Blake 
crushers.     The  material  from  these  crushers  passes  by  a  shute  lined 
with  screens,  having  holes  f  in.  diam.,  to  a  seoond  set  of  4  crashers, 
set  so  ns  to  close  to  1  in.    The  product  from  this  set  of  cnishen, 
together  with  that  which  passes  through  the  screens  in  the  shute,  is 
then  taken  by  an  elerator  to  the  top  of  the  mill,  and  passed  throui^  a 
revolving  screen  perforated  with  4-in.  holes.     The  ore  which  pt»ei 
through  the  screen  goes  to  the  jig-hoppers ;  that  which  passes  ors 
goes  to  a  third  set  of  6  crushers,  set  *to  jT  in.     These  are  of  the  Blake 
multiple-jaw  pattern,  having  8  jaws.    The  product  from  these  third 
crushers  is  again  screened  through  a  double  revolving  screen  haTing 
holes  \  in.  diam.    That  which  passes  through  goes  to  hoppers ;  what 
passes  over  goes  to  a  fourth  set  of  crushers.    These  are  of  the  Blake 
multiple-jaw  pattern,  having  6  jaws,  set  so  as  to  dose  to  ^  in.    The 
product  from  these  last  crushers  is  again  screened,  and  the  grains 
which  are  still  too  large  pass  again  through  the  final  crashers.    All 
the  material  which  passes  through  the  ^-in.  holes  goes  to  the  jip 
without  further  sizing.    The  ore  is  crushed  dry,  and  goes  to  the  ji^ 
in  that  state.     The  jig  has  a  capacity  of  treating  5  tons  of  ore  per 
hour,  requiring  135  geJ.  water  per  minute,  or  1620  gal.  per  ton  treated. 
One  man  or  boy  is  sufficient  to  attend-  to  two  jiss,  his  duty  beiog  to 
see  that  the  jig  is  properly  supplied  with  material  to  secure  a  unifom 
depth  on  the  screen ;  that  the  wa 
(a  depth  of  ^-f  in,  over  the  oolla 
oentrates  are  free  from  gangue. 
product,  the  attendant  lete  out  a  1 
to  the  lever-beam,  to  make  the  i 
tailings  amounts  to  23  per  cent., 
ore  or  '^slimes,"  and  small  parti 
pieces  of  gangue.     The  causes  c 
follows  •—-(<»)  the  fine  ore,  almost 
on  the  surface  of  the  water ;  (6)  t 
than  the  gangue ;  hence,  without 
ence  in  the  falling-time  between 
produce  a  good  separation,  and  i 
into  the  teilings ;  (c)  the  materia 
the  ore  from  the  gangue,* 

The  various  inventions  for  sep 
be  grouped  under  two  general  he 
nent  magnete ;  (6)  those  which  h 
of  electricity  passed  through  mag 
may  again  be  classified  into  such 
which  pass  under  or  over,  or  whi 
which  consist  of  magnetic  rolls  < 
their  surface  or  revolving  over  tl 
influence  draw  the  magnetic  porti 
trajectory  so  as  to  separate  it  frc 
bo  further  subdivided  into  those 
which  immerse  the  material  for  c 

•  F.  8 
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While  in  some  oi'es  satisfactory  and  economical  concentration  is 
possible,  in  others  the  ph^^sical  structure  and  the  magnetic  properties 
>f  some  of  the  impurities  may  interfere  so  as  to  reduce  or  even  out- 
i^eigh  the  advantages. 

Ferriferous  sands  have  been  concentrated  by  passing  the  material 
between  rolls,  the  adjacent  portions  of  iwhich  were  in  a  magnetic 
Seld,  while  the  opposite  parts  were  without  this  field.  The  iron  rolls 
'eyolved  on  journals  carried  on  insulated  standards  wound  with 
»pper  wire.  By  connecting  these  wires  with  a  battery  (latterly  with 
Ijnamos)  the  standards  became  electro-magnetic,  of  opposite  polarity, 
iDd  the  rolls  were  charged  thereby,  making  a  magnetic  field  between 
ihe  rolls.  The  ore  being  fed  on  the  rolls,  whidb  revolved  towards 
sach  other,  was  carried  around  the  magnetic  portion,  adhering  until 
t  passed  beyond  the  magnetic  influence,  while  the  non-magnetic 
articles  fell  between  the  rolls.    The  Buchanan  machine,  Fig.  142, 


Flo.  142.— Maonetio  Skpabatob  :  Fio.  143.— Magnetic  SbpaKator  r 

Buchanan's.  Wenstb^m's. 

^as  of  this  type :  a,  feed  hopper ;  6,  rolls ;  c,  magnet ;  d,  concentrates ; 

tailings.  It  has  been  used  in  America  and  New  Zealand  for  beach 
mds;  and  at  the  Croton  mines.  New  York,  it  treated  magnetite 
ushed  to  16-mesh,  bringing  the  iron  from  31-38  to  62^64^  per 
•nt-,  and  leaving  4-^-13  per  cent,  in  the  tailings,  as  against  plunger 
gs  which  lost  14-22  per  cent. 

The  WenstrTim  machine,  Fig.  143,  has  a  stationary  field  magnet 
id.  an  armature  barrel  consisting  of  a  number  of  soft  iron  bars, 
'parated  from  one  another  by  a  non-magnetic  material—in  this  case 
ripe  of  wood.  The  whole  is  bound  together  by  non-magnetic  end 
ngs.  The  bars  are  cut  away  alternately  on  the  inside  to  make  one 
&r  project  only  towards  the  north  poles  of  the  magnet  and  the  next 
ilyto  the  south  poles.  This  gives  each  succeeding  bar  opposite 
ametism.  On  each  of  the  4  sections  of  the  magnet  are  wound 
>  lb.  of  copper  wire.  An  Edison  dynamo  furnishes  a  current  of 
)  amperes  and  33  volts.     The  ore  is  fed  to  the  barrel  by  means  of 

hopper,  the  cylinder  turning  in  the  direction  of  the  arrow.     The 
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magnetite  adheres  to  the  bars  of  the  barrel  and  is  carried  paat  tli 
first  delivery  shoot  a,  where  the  tailings  fall,  until,  on  passiiig  beynn 
the  influence  of  the  magnet  c  it  drops  off  at  h.  In  Sweden,  thee 
separators  are  used  at  the  iron  mines  for  extracting  from  old  and  nei 
dumps  of  waste  material  the  good  ore  which  has  been  missed  in  hand 
picking,  or  was  too  fine  to  be  picked  out  in  that  way.  They  are  als 
applied  to  the  ore  now  being  mined,  which  in  former  timaa  wi 
selected  by  hand.  The  larger  of  the  two  sizes  made  treats  6—7  t<ni 
of  matenal  per  hour,  and  the  magnetism  is  strong  enough  to  snppoc 
pieces  of  ore  up  to  7  lb.  in  weight,  and  separate  them  from  the  ro^ 
The  smaller  size  treats  2-3  tons  per  hour  of  finer  material,  bekn 

Lib.  in  weight  of  single  pieces.  The  cost  of  hand-pickiiig  a 
innemora,  previous  to  the  introduction  of  this  machine,  was  1&  i^ 
per  ton.  It  now  costs  hd..  per  ton,  and  30  per  cent,  more  ore  i 
obtained  from  the  same  material ;  the  separated  ore  averages  59  pe 
cent,  iron  for  the  coarse,  and  45  per  cent,  for  the  fine.  Besult 
obtained  in  America  are : — 


Mine. 


Beach  Glenn 
Ohateangaj 
Port  Henry 
Do. 


Crude  Ore. 


63-73 
40*99 
41-6 
69-1 


Oonoeotntet. 


TaniQ9. 


61*58 

3-25 

59-80 

l-6« 

640 

15- 10 

61-8 

14-8 

The  principles  of  the  Conkling  separator  are  shown  in  Fig.  144 
The  ore  is  fed  from  a  hopper  a  on  a  belt  and  carried  along  under  i 
series  of  belts,  running  at  right  angles  to  the  first.  These  oroes  belt 
pass  between  the  magnets  h  and  the  ore  lying  on  the  distributing  belt 
and  may  be  placed  at  varying  distances  from  the  latter.  As  the  ore 
reduced  to  the  proper  size,  passes  along  on  the  distributing  belt»  thi 


M  jgi  B 


Fio.  144.— Maqmbtio  Separator:  GoNKLraG^s. 


magnetic  Ijelts,  which  may  be  influenced  by  magnets  of  differeiit 
powers,  pick  up  and  carry  to  one  side  the  magnetic  particles  of  th« 
ore,  while  the  non-magnetic  portion  of  the  gangue  is  carried  off  at  & 
It  is  used  on  the  waste  dump  material  at  the  Tilly  Foster  mine* 
New  York,  where  the  metal  is  so  widely  and  finely  disseminalsd 
through  the  ore  that  it  has  been  necessary  to  resort  to  fine  crodbing. 
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riiiB  (water  being  used  in  the  separation)  increases  the  proportion  of 
(limes,  which  carry  off  mechanically  small  particles  of  mineral. 
•*mally,  Uie  lean  character  of  the  ore  calls  for  the  handling  and 
onveying  from  the  mill  of  a  large  bulk  of  tailings.  The  process 
nclndes  crushing  tiie  ore  by  a  Blake  rook-breaker  on  the  dump; 
emoving  it  in  train*loads  to  uie  bins  in  the  mill ;  passing  it  under  two 
tall  stamps,  provided  with  screens  of  iV^^*  mesh ;  elevating  it  to  the 
/onkling  electrical  sepfirating  belts ;  and  delivering  the  concentrates 
» the  cars  and  the  tuUngs  to  4he  settling  reservoirs.  The  following 
asults  were  obtained  in  1890 :  *  — 

Ore  used  per  month •      ..      ..  8009  tons 

CoDoentrates  made 1039    „ 

1  ton  of  concentrate  firom 2*89    „ 

Cost  of  labour  per  ton  ooncentmteft       5«. 

Total  cost  per  ton  concentrates       9«. 

Iron  in  crude  ore       27*39  per  .Cent. 

Iron  in  concentrates 49*14       „ 

Iron  In  tailings 10*21        „ 

Unless  under  exceptional  conditions  it  will  not  pay  to  treat  waste 
imp  material  carrying  lees  than  25  per  cent.  iron. 

The  Edison  unipolar  non-oontact  separator  differs  from  the  forms 
iscribed  in  that  all  parts  of  the  apparatus  are  fixed.  It  consists  simply 
a  hopper,  a  magnet,  and  a  partition  to  separate  the  concentrates  and 
i  lings  into  different  receptacles.  The  ore,  properly  crushed  and 
ced,  is  placed  in  hoppers,  from  which  its  discharge  is  controlled  by 
irs  closing  slots  which  extend  the  length  of  the  hopper.  These  slots 
d  made  adjustable  to  suit  the  size  of  the  ore.  The  magnet  is  a  mass 
iron  6  feet  long  by  30  in.  wide  and  10  in.  thick,  weighing  3400  lb., 
d  wound  with  450  lb.  of  copper  wire,  the  coil  being  connected  with 
lynamo  consuming  2^  h.p.  and  requiring  a  current  of  electricity  of 

amperes  and  an  electromotive  force  of  116*5  volts.  I'he  material 
ling  from  the  hopper  passes  the  face  of  the  magnet,  but  does  not 
sch  it.  .  The  distance  of  the  magnet  from  the  vertical  plane  of  the 
ling  material  is  so  chosen  that  its  attraction  causes  the  magnetic 

separate  from  the  non-magnetic  particles  sufficiently  to  alter 
dr  direction.  By  reason  of  the  force  of  gravity,  this  deflection  of 
5  trajectory,  while  sufficient  to  draw  the  magnetic  particles  away 
m  the  non-magnetic,  does  not  draw  them  against  the  magnet,  but 
mid  any  ore  accumulate  on  the  magnet  it  can  be  instantly  dropped 
breaking  the  current.  The  exact  distance,  however,  is  maintained 
that  none  can  stick  to  the  magnet.  Owing  to  the  altered  trajectory^ 
)  magnetic  ore  falls  upon  one  side  of  the  partition,  while  the  gangue 
terial  drops  upon  the  opposite  side.  An  intermediate  grade  called 
iu|pirump  "  (mixed  concentrates  and  tailings)  may  be  returned  to 
t  hoppers  or  passed  before  a  second  magnet.  A  series  of  magnets  may 
arranged  so  that  the  concentrates,  mugwumps,  or  tails  are  each 
jjected  to  repeated  magnetic  influence.  With  a  hopper  6  ft.  wide, 
1  arranging  the  slot  to  pass  readily  ore  crushed  to  pass  a  10-mesh 
Mil*  each  side  of  the  magnet  will  separate  conveniently  about 
\  tons  of  material  daily,  making  the  capacity  of  the  two-face  machine 
\  Vamm  a  day. 

»  F.  H.  McDowell. 
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Magnetic  oonoentration  has  attained  a  high  state  of  efficieiiCT  *  « 
the  Groton  mines.  New  York,  where  the  presence  of  2  per  cent,  sn^ba 
demands  economic  roasting.  This  is  acMeved  in  the  Davis-Colbj  fn 
nace,  using  3*6  gal.  oil  fuel  per  ton  of  raw  ore,  at  a  cost  of  1||^.  p« 
gal.,  labour  costing  Ij^.  The  average  roasting  tempemtnTB  i 
1250^  F.  The  roasted  ore  is  ground  to  12  mesh  in  Sturtevant  miDi 
entering  them  at  about  350^  F.,  having  been  cooled  by  a  water  bat 
during  conveyance. 

Under  these  conditions  liie  ore  is  quite  friable,  and  there  is  n 
difficulty  in  grinding  22  tons  per  hour  with  the  20-in.  mill,  and  16  ton 
in  the  same  time  witJi  the  15-in.  milL  One  set  of  Sturtev&nt  mi 
bushings  will  grind  4000  to  6000  tons  of  ore,  according  to  the  dept 
of  the  chill  in  &e  bushing,  the  cost  of  each  set  being  32.  The  screei 
blocks  for  this  amount  of  ore  cost  2Z.  This  is  less  than  one-half  tli 
cost  of  renewal  on  any  other  machine  formerly  used.  At  22  tcms  p< 
hour  the  20-in.  mill  required  94  h.p.  to  drive  it ;  but  the  product  j 
finished.  The  15-in.  mill  requires  70  h.p.  The  ground  ore  is  elevate 
from  the  discharging  nozzles  of  liie  Sturtevant  mills  to  the  seven 
screens,  covered  with  slotted  steel  plates ;  slots  are  ^  by  j^  in.  in  son 
plates,  and  -j^^  by  f  in  others.  The  slotted  plates  are  easily  remove< 
and  when  the  requirements  are  exacting  as  to  phosphorus,  ^  mesh  i 
used  on  two  of  five  screens.  Two  sizes  of  screen  plateSy  mree  eej 
coarse  and  two  sets  fine,  will  prepare  ore  containing  *  426  phoephon 
for  a  separation  having  *036,  with  two  passes  on  the  noagneti 
separators.  Ordinarily,  the  phosphorus  in  the  Croton  ore  runs  froa 
*  1  to  *  3 ;  when  higher  than  *  6,  three  sizes  of  screen  platee  should  \ 
used,  delivering  to  three  receiving  bins,  and  each  size  snould  be  treata 
separately  on  the  magnetic  separators.  Using  18-mesh  acreens,  an 
with  ore  prepared  for  this  grade,  will  produce  continuously,  with  tv^ 
passes,  concentrates  showing  70'  6  metallic  iron,  *018  phosphorus,  aii 
*22  sulphur.  The  latest  Hoffman  separator,  using  12-meBh  hcrcei 
and  making  two  passes,  produces  concentrates  showiuK  70*93nietallj 
iron,  '017  phosphorus,  and  *231  sulphur;  18-meui  screens  giv 
71  per  cent,  concentrates  with  one  pass  on  this  machine,  whic^  j 
illustrated  in  Fie.  145.  In  operation  the  material  fed  upon  the  b^ 
is  carried  along  by  the  latter  to  the  field  of  the  magnet  a,  where  tli 
particles,  subject  to  magnetic  influence,  are  attracted  toward  th 
nearest  pole  and  at  the  same  time  are  carried  along  by  the  belt  pti 
the  succession  of  opposite  poles.    As  the  particles  pass  the  sucoeesit 

rles  of  the  magnet  they  do  not  follow  the  line  parallel  with  the  be! 
,  but  assume  positions,  under  the  influence  of  the  magnetic  lines  o 
force,  which  are  in  the  forms  of  curves  from  the  end  of  one  pole  to  ^ 
end  of  the  nearest  pole  of  opposite  polarity.  By  following  these  curve 
and  at  the  same  time  being  moved  along  by  the  belt,  the  material  t^ 
be  separated  assumes  a  rising  and  falling  or  wave-like  motion,  whic) 
causes  an  expulsion  of  the  slightly  magnetic  or  non-magnetic  matem 
and  that  of  lea^t  specific  gravity  toward  the  top  of  the  mass  on  tb( 
belt,  and  results  finally  in  a  stratification  of  the  substance  to  V 
separated,  the  most  magnetic  and  heaviest  portions  being  broogbl 
closest  to  the  belt,  and  the  lighter  and  non-magnetic  or  slightij 

•  W.  H.  Hoffman. 
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magnetic  particles  farthest  from  the  belt^  The  particles  forming  the 
upper  stratum  will,  under  the  horizontal  motion  imparted  to  them  by 
the  belt,  leave  the  magnetic  stratum  in  a  trajectory  as  the  belt  begins 
to  follow  around  the' periphery  of  the  drum  c,  and  will  be  assisted  in 
separating  from  the  magnetic  stratum  by  the  lifting  and  wedging 
action  of  the  upward  current  of  air  following  along  between  the 
periphery  of  the  drum  and  the  upper  portion  of  the  partition  d.  The 
magnetic  stratum  follows  the  path  of  the  belt  around  the  periphery 
of  the  drum,  by  reason  of  the  attraction  to  the  maraet  e,  and  its 
wave-like- motion  is  continued,  constantly  gathering  the  more  highly 
magnetic  particles  closer  to  the  poles,  and  consequently  to  the  belt. 
During  its  passage  around  the  periphery  of  the  drum,  a  scouring  action 
is  kept  up  upon  the  surface  of  the  mass  by  the  opposing  current  of 


Fio.  145.— Magnetic  Sefabatob:  Hoffman's. 

dr  and  by  the  agitation  of  the  mass,  which  effectually  brings  all  the 
Articles  into  contact  with  the  air  current.  After  passing  the  par- 
it  ion  /*,  the  less  magnetic  material  continues  first  to  fall  from  the  belt, 
v^hile  the  more  magnetic  is  still  carried  forward,  and  finally  leaves  the 
«lt  after  the  latter  has  carried  it  beyond  the  holding  force  of  the 
ast  pole  of  the  magnet.  The  power  required  is  \  h.p.  mechanically 
nd  2  h.p.  electrically. 

At  the  Friedrichseger  (Oberlahnstein)  argentiferous  lead  mine, 
rhere  much  mixed  blende  and  spathic  iron  ore  are  produced,  mag- 
netic separation  has  long  been  successfully  applied.*  The  initial  step 
s  roasting,  to  render  the  ore  magnetic,  by  converting  the  ferrous 
arbonate  into  magnetic  oxide.  The  larger  lumps  are  roasted  in  kilns, 
barged  alternately  with  coke  screenings  in  the  usual  way.  Owing 
0  the  large  amount  of  sulphur  in  the  ore,  the  consumption  of  fuel  is 
ery  smaU,  being  only  1  cwt.  per  8  tons  daily  put  through  the  kiln, 

♦  O.  Heberle,  Berg.  u.  Hut.  Zeit,  xliii.  509. 
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which  is  served  by  two  men.  The  ooet  of  kiln  roasting  is  about  9U. 
per  ton.  The  roasted  ore  is  rednoed  by  breakers  and  rolls  to  partkM 
of  5  mm.  maximum  sise*  which  are  fed  mechanically  to  the  magnetk 
machines.  Fine-grained  products  are  calcined  in  long  flat-bedded 
reverberatory  furnaces  for  about  Ij^  hour.  The  cost  both  for  f^et 
and  labour  is  much  higher  than  in  the  kilns,  and  is  conoiputed  at 
2f.  M.  per  ton.  The  roasted  ore  is  spread  out  on  a  floor  to  oooLi 
separated  from  sintered  lumps,  and  passed  through  a  sLnug  drum  w 
remove  particles  above  4  mm.,  which  are  returned  to  the  cmsherj 
while  the  finer  siftings  pass  to  the  magnetic  machines.  Thua  rough 
stuff  carrying  12-15  per  cent,  zinc  and  20-22  iron  is  made  to  affi»d 
sine  ore  of  33  per  cent. ;  and  iron  ore  of  36-38  per  oent.  iron  and 
10  per  cent,  manganese. 

in  order  to  prepare  the  ^*  clay-band  "  ironstone,  which  is  the  ore 
roost  largely  raised  in  this  country,  for  being  smelted,  it  is  neeeeeary 
to  calcine  it ;  and  this  calcination  is  usuallv,  although  not  alwaysi, 
done  in  the  locality  of  the  mine,  even  when  tne  ore  has  not  to  be  used 
there.  The  reason  of  this  is  that  the  bulk  of  material  is  leasened  and 
its  transportation  is  thus  facilitated.  Clay-band  ironstone  consists  ia 
great  part  of  iron  carbonate,  the  other  largest  constituents  beiii|^ 
silica  and  alumina,  but  it  also  contains  small  quantities  of  lime  and 
magnesia,  with  a  little  phosphoric  acid  and  sulphur.  What  is  termed 
the  **  black  band "  is  black  in  colour  from  containing  ooaly  matter 
mixed  up  in  it.  The  object  of  the  calcination  is  to  drive  off'  carbonic 
acid,  to  raise  the  iron  protoxide  with  which  it  was  united  to  the  state 
of  peroxide,  and  by  altering  the  physical  condition  of  the  ore,  to 
render  it  more  easy  of  reduction  in  the  furnace.  Two  modes  of  calci- 
nation are  practised,  namely,  in  <*  clamps  "  and  in  kilns. 

In  clamp  calcining  ordinary  grey  clay  ironstone,  it  is  customaiy 
first  to  sprc^  a  layer  of  coal  in  lumps  upon  the  ground,  and  on  this  to 
raise  the  heap  of  ironstone,  interspersing  coal  occasionally,  and  then 
to  cover  the  surface  of  the  heap  with  slack.  In  calcining  ^  black 
band  "  it  is  not  necessary  to  use  any  coal,  there  being  sufficient  car- 
bonaoeous  or  coaly  matter  in  the  stone  itself,  and  often  also  adhering 
to  the  surface  of  the  lumps,  to  furnish  the  necessary  oombustibie 
material.  The  heaps  thus  formed  are  built  about  6-8  ft.  high,  some- 
times much  higher ;  they  are  made  of  variable  extent,  up  to  so  large 
as  to  cover  h  acre  of  land,  and  the  calcined  stone  may  be  removed 
from  one  ena  while  the  heap  is  being  freshly  made  at  the  other.  The 
heap  is  ienited,  and  bums  through  in  a  smouldering  way,  emitting  a 
good  deal  of  smoke,  a  little  flame  breaking  through  the  surfiEkce  id«o 
in  places.  An  ordinary  sized  clamp  takes  about  3  weeks  to  become 
thoroughlv  calcined,  and  at  the  end  of  this  time  its  bulk  is  found  to 
be  reduced  to  about  half. 

For  calcining  in  kilns  an  ordinary  open  kiln,  like  a  common  ^g- 
shaped  lime-kiln,  is  sometimes  used ;  but  for  the  most  part  iron  cap- 
shaped  kilns,  made  of  iron  plates  lined  with  firebrick,  are  used.  Thej 
are  about  24  ft.  high,  and  are  so  arranged  that  while  the  ore  and  fii«J 
can  be  fed  in  continuously  above,  the  calcined  ore  is  discharged  at 
the  bottom  either  upon  a  raised  platform  or  directly  into  the  wagoia 
that  are  to  cany  it  away.  The  kiln  being  once  ignited,  all  that  h 
necessary  is  from  time  to  time  to  throw  in  a  layer  of  coal  on  the  top 
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of  a  charge  of  stone ;  each  calcining  kiln  is  constructed  to  hold  about 
250  tons  of  stone,  and  the  quantity  of  coal  used  is  about  7  per  cent,  of 
the  weight  of  stone  calcined. 

The  calcining  of  ironstone  in  clamps  is  often  a  very  great  nuisance, 
from  the  large  quantities  of  sulphurous  smoke  emitted  during  burn- 
ing. Of  course  smoke  of  the  same  suffocating  character  issues  from 
the  open  tops  of  calcining  kilns,  but  it  is  very  much  less  in  amount, 
ind  18  delivered  into  the  atmosphere  at  a  higher  level ;  not  more  than 
>De-tenth  of  the  quantity  of  coal  is  used  ^at  is  used  in  clamp  cal- 
cining. Whenever  the  nature  of  the  stone  permits  of  kiln  calcining, 
;his  method  ought  to  be  pursued ;  but  there  is  a  limit  to  the  use  of 
he  kiln.  It  is  applicable  to  the  ordinary  grey  ironstone  with  which 
x)al  has  to  be  used  for  calcination,  since,  if  the  quantity  of  coal  be 
lot  exoeesive,  that  is  to  say,  if  it  be  not  used  in  greater  quantity 
han  IB  necessary  to  effect  the  calcination,  the  calcined  stone  falls  out 
rom  the  kiln  in  separate  pieces ;  but  it  is  not  applicable  to  the  black- 
»and  ironstcme  or  the  *'  red  shag  "  of  North  Staffordshire,  inasmuch  as 
hese  stones  become  partially  fused  during  calcination,  and  run  to- 
;ether  into  large  blocks  and  masses  which  require  a  pick-axe  to  break 
bem  down,  and  would  not  run  out  from  the  kiln. 

For  desulphurising  iron  ores,  heap  roasting,  after  the  manner  de- 
cribed  under  copper,  was  first  adopted,  to  be  followed  by  several 
arieties  of  kiln.  The  rules  *  which  govern  the  roasting  of  pyritic 
nes  are  mainly  that :  (a)  heat  alone,  without  access  of  air,  can  remove, 
t  best,  only  one-half  tiie  sulphur  present ;  (6)  atmospheric  oxygen  is 
bsolutel^  necessary ;  (c)  even  at  a  low  heat,  ore  is  properly  desul- 
hurised  if  air  can  gain  access  freely  to  the  FeS,  in  it ;  (d)  iron  sul- 
hato  can  be  decomposed  by  heat  equally  well  with  or  without  air ; 
\)  if  the  residuum  of  sulphur  in  roasted  ores  is  to  consist,  so  far  as 
Dssible,  of  sulphates,  the  roasting  must  be  done  under  free  access  of 
J- ;  (/)  fusion  or  sintering  of  ore  is  likely  to  prevent  any  further 
»ulplinrisation ;  {g)  sintering  does  not  allow  much  of  the  remain- 
tg  sulphur  to  be  in  the  form  of  sulphate ;  {It)  fusion  should  never 
;cur  in  roasting  except  after  continued  heating  in  air  at  a  lower  tem- 
^ratore ;  (t)  ores  cannot  be  properly  desulphurised  in  the  upper  part 
r  the  blast  furnace ;  (&)  an  efficient  roaster  must  allow  easy  control 
'  heat,  abundant  access  of  air  to  the  hot  ore,  and  rapid  removal  of 
le  products  of  combustion. 

The  Davis-Colby  gas-fired  kiln  is  perhaps  the  most  popular.  It 
insists  in  general,  Fig.  146,  of  two  concentric  shafts  a  of  brick-work, 
iclosing  between  them  an  annular  space  6  18-24  in.  in  section,  to 
mtain  the  ore.  The  inner  shaft  is  continued  above  the  top  of  the 
aster  to  form  the  draft  stack,  or  it  may  be  covered,  the  products  of 
mboBtion  being  carried  downward  and  out  through  the  flue  c  to  a 
parate  chimney,  allowing  utilisation  of  the  fumes.  A  cone-covered 
p  d  permits  of  more  convenient  charging,  as  ore  dropped  from  car- 
uppers  upon  it  gets  an  even  distribution.  In  tlie  outer  wall  are 
utea  «,  &:e-arches  /,  gas  flues  ^,  and  poking  holes  and  air  flues  A. 
MXiings  t  in  the  inner  wall  admit  the  fumes  and  products  of  com- 
utum  to  the  draft-stack  or  to  the  flue  c,  and  are  placed  higher  or 
•rer,  according  to  the  ^ecessities  of  the  ore  under  treatment.  With 
•  a  G.  Vttleotine. 
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dense  hard  magnetiteB,  the  height  of  the  kiln  is  increased  for  tbi 
pnrpoee  of  giving  the  ore  a  longer  exposure  to  heat ;  and  the  fini 
arches  are  put  at  a  greater  vertical  distance  apart,  so  that  the  ore  mft) 
partially  cool  after  its  first  heating,  snd  6 
cracked  or  fissured,  therehy  exposing  the  i» 
maining  sulphur  more  thoroughly  to  the  actiai 
at  the  second  fire-arches.  Generally  the  ga 
used  is  surplus  gas  from  the  blast  furnace  M 
producer  gas  is  much  preferable.  When  pru^ 
perly  charged,  as  much  as  30-40  per  cent  c^ 
fine  ore  can  be  used;  but  fine  and  ooani 
should  be  thorougUy  mixed  in  filling,  as  i 
solid  mass  of  fine  ore  before  a  fire^arch  ehokej 
off  the  gas  and  prevents  the  heat  and  air  b^ 
penetrating  the  ore.  Their  capacity  is  75-10^ 
tons  of  a  reasonably  porous  ore  in  24  homl 
Of  course,  a  hard  dense  ore  reouires  a  longd 
exposure  and  the  output  of  sudi  ore  is  scsm 
what  less.  The  roaster  at  the  Eatahdin  fni 
nace,  20  ft.  high  and  15  ft  dianu,  rotffa 
about  40  tons  a  day ;  those  at  the  Golebrool 
and  Cornwall  furnaces,  75-90.  Clinkers  caoai 
little  difficulty  in  working;  they  seldom  ex- 
tend beyond  the  bounds  of  one  or  two  fire 
arches,  and  as  the  annular  space  is  narrow 
and  widens  downward,  they  aire  readih 
reached  and  broken  up  while  hot;  wid| 
proper  attention,  there  is  no  reason  why  thej 
Fio.  146.— DEauLPHTE-  should  form  at  all.  The  upper  fireircbel 
isiNO  Kiln.  should  generally  be  kept  at  a  somewhat  low^ 

temperature  than  the  second  set,  gradaall] 
raising  the  heat,  so  that  if  clinkering  does  take  place  it  is  only  aftei 
long  heating  at  a  lower  temperature,  and  after  atmospheric  oxjgei 
has  had  full  play  on  the  reasonably  hot  ore.  The  cost  per  ton  c^ 
roasting  varies  with  circumstances,  and  is  greatly  afiected  by  th< 
method  of  breaking  and  filling  the  ore,  and  by  the  use  of  fumaoe-t  oi 
producer-gas.  New  kilns  witb  a  capacity  of  75-100  tons  a  day  t« 
built  by  contract,  for  600Z,,  including  royalty ;  but  the  system  can  \i 
adapted  to  any  ordinary  Ojers  kiln,  the  expense  varying  with  tb 
size  and  shape  of  the  originsd  roaster. 

Smelting, — ^The  impure  metal  in  the  shape  of  ores  is  brought  bsc) 
tp  a  relatively  pure  state  by  the  process  of  smelting  in  fumaoee  sup 
plied  with  fuel  and  oontinuous  blasts  of  heated  air.  The  furnaces  an 
fed  with  ore  and  coal,  in  the  proportion  of  about  3  parts  fuel  to  1  o! 
ore,  and  with  a  certain  proportion  of  limestone  as  a  purifier  or  fita 
for  the  removal  of  the  earthy  matter  of  the  ore.  The  metal,  being 
the  heaviest,  drains  to  the  bottom  when  fused,  and  is  run  off  intt 
moulds,  when  it  becomes  **  pig-iron,"  and  is  ready  for  use  in  foundries 
but  it  has  taken  up  too  much  carbon  from  the  fuel  to  be  available  at 
once  for  the  manufacture  of  "  wrought "  iron,  and  must,  therefore,  K 
subjected  to  various  further  purifying  processes.  Until  coal  canw 
into  general  use,  these  further  processes  wore  not  separated  from  tliv 
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aneltmg,  and  **  malleable "  iron  was  produced  direct  from  the  ore 
^ith  charcoal  fuel  by  continuous  working.  The  iron  was  not  actually 
-endered  molten,  but  was  separated  out  and  made  to  coalesce  into  a 
olid  lump  whilst  in  a  pasty  condition,  and  was  taken  out  sufficiently 
Vee  from  carbon  to  be  at  once  malleable — ^the  Catalan  process,  fol- 
owed  by  many  native  races  all  over  the  world.  The  furnace  maj)r  be 
lescribed  as  a  rectangular  cavity  or  hearth,  of  various  dimensions, 
vithin  a  building.  Three  sides  were  formed  mainly  of  iron  and  clay, 
nd  the  fourth  of  stones  luted  with  clay,  while  the  bottom  consisted 
f  a  flat  or  slightly  hollowed  refractoiy  stone,  such  as  granite.  On  one 
\^<ib  the  tuyer  passes  through  a  small  arched  opening  about  18-19  in. 
rom  the  bottom.  There  was  no  chimney,  but  a  hole  was  left  in 
bo  roof.  A  Catalan  forge  employed  10  men  in  France.  The  ore  is 
Tst  crushed  under  a  hammer  and  sifted.  The  furnace  is  heated  with 
harcoal,  which  is  packed  almost  as  high  as  the  bottom  of  the  tuyer, 
rhen  alternate  layers  of  ore  siftings  and  charcoal  are  piled  up  so  as 
>  form  a  ridge,  one  slope  of  which  is  covered  with  moistened  charcoal 
reeze,  beaten  well  down  with  a  spade.  The  blast  is  turned  on,  and 
16  level  is  kept  up  by  additions  of  ore  and  charcoal.  At  the  end  of 
bout  6  hours  the  iron  has  coalesced  into  a  solid  lump  at  the  bottom, 
hich  is  lifted  over  the  edge  of  the  furnace  by  levers,  and  is  ready 
»r  hammering. 

The  blast  nimace  is  only  a  magnified  Catalan,  increased  in  size  to 
ike  larger  charges,  with  forced  draft  to  bum  inferior  fuel,  and  in- 
kpable  of  producing  a  malleable  iron  owing  to  the  percentage  of 
krbon  combined  with  the  metal.  It  has  gone  through  many  changes, 
id  will  probably  continue  to  be  modified.  In  its  earlier  forms  it 
as  capable  of  making  either  malleable  or  cast  iron  at  wiU.  The 
mal  mmensions  in  Britain  for  furnaces  working  on  Cnmberland, 
leveland,  Scotch,  or  Spanish  ores  are  70-75  ft.  high  and  18-20  ft. 
am.  at  the  boshes,  using  good  coke,  anthracite,  or'  splint  coal, 
merican  practice  offers  important  contrasts.* 

The  conversion  of  pig  iron  into  malleable  iron  is  effected  by 
idation  in  a  "  puddling  **  furnace,  the  oxygen  bein^  derived  from 
[>n  peroxide  provided  m  the  "bull-dog"  or  "fettlmg**  used  for 
ling  the  furnace.  To  produce  steel,  the  decarburising  is  not 
lowed  to  proceed  so  far.  Malleable  iron  is  converted  into  steel  by 
Ating  with  charcoal  in  a  "  cementation  "  furnace.  The  introdaction 
^  r^enerative  "  heating  made  it  possible  to  produce  steel  from  pig 
>n  in  the  "  open  hearth  "  or  reverberatory  furnace,  either  using  pig- 
>n  and  ore  (Siemens  process)  or  pig  and  scrap  iron  (Siemens- 
artin);  and  from  pig-iron  aJone  m  a  "converter"  (Bessemer); 
[lile  the  phosphorus  is  eliminated  by  using  a  basic  instead  of  a 
icioxis  lining  in  the  converter  (Thomas-Gilchrist),  and  a  valuable 
rtilising  material  containing  25  per  cent,  phosphoric  acid  is  obtained 
a  l)ye-product  Owing  to  the  multiplicity  of  forms  which  these 
vera!  furnaces  have  taken,  and  the  number  of  modifications  of 
>rking  introduced  in  consequence  of  the  variety  of  ores,  fuels,  and 
txee  dealt  with,  no  one  example  can  be  considered  representative  or 
lily  instructive,  and  available  space  quite  prohibits  a  proper  de- 
-iption  of  the  various  examples  necessary  to  do  justice  to  the 
•  W.  Colquhoun,  at  S.  Wales  Inst.  Min.  Enga.,  Nov.  1891. 
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Bubjeot  It  is  therefore  deemed  better  to  refer  the  reader  at  oooe  V 
the  reoognised  works  on  the  metallurgy  of  iron.  Moreover,  a  soul 
installation  of  iron  smelting  plant  is  an  indnstrial  impoesibilitj,  txk 
a  large  one  is  only  to  be  undertaken  with  abundant  capital  and  thi 
services  of  experts,  so  that  a  synopsis  such  as  could  be  ^yen  besi 
would  fulfil  no  useful  purpose. 

Om<* — An  important  element  in  the  cost  of  producing  iron  la  ^ 
transportation  of  the  raw  materials,  and  in  this  respect  the  Unitei 
Kingdom  is  well  situated.  Several  of  our  iron-producing  districts  an 
also  seats  of  large  ooal  industries,  and  the  works  are  situated  on  Ui 
coalfield  itself.  In  the  district  of  Cleveland,  the  ooal  is  only  separatei 
from  the  ironstone  by  about  30  miles ;  whilst  Lancashire  ai^  Cnmber 
land  possess  deposits  of  ore  and  limestone  in  the  vicinity  of  thei 
fiiinaces,  the  coke  for  which  is,  however,  obtained  from  Dnrham 
about  80  miles  away.  These  facilities,  although  not  entirely  abees 
in  the  United  States,  are  not  of  so  frequent  occurrence.  The  depoei 
at  Cornwall,  in  Pennsylvania,  is  within  40  miles  of  anthracite  coal 
and  accessible  to  coke  at  rates  which  leave  nothing  to  be  desired 
When  we  pass  to  the  south,  we  find  in  Alabama  that  the  ooal  and  or 
are  usually  within  25  miles  of  each  other,  and  sometimes  to  be  foun 
lying  one  over  the  other  upon  the  same  property.  In  conneotzoi 
with  the  Lake  Superior  ore  mines,  however,  a  large  proportion  of  th 
produce  of  which  is  transported  to  Pittsburgh,  the  ore  in  oariied  fa 
790  miles,  and  this  appears  to  be  a  feature  which  characterises  tb^ 
northern  states  in  contradistinction  to  the  southern. 

The  geological  formations  of  the  seams  containing  the  ore  is,  ii 
addition  to  geographical  situation,  a  controlling  fiustor  in  the  snppli 
of  iron  ore,  and  one  which  influences  the  miner  more  directly  thai 
does  the  former.  In  the  United  Kingdom  the  general  conditions  o 
iron-mining  are  concomitant  with  a  large  output,  although  there  an 
some  districts — as  South  Staffordshire  and  some  parts  of  CumberlazK 
and  Lancashire— where,  through  natural  causes,  the  workings  are  r« 
stricted.  In  Lincolnshire  the  ore  is  very  accettsible,  as  it  also  is  ii 
Northamptonshire  and  in  places  in  North  Staffordshire,  deposit 
occurring  in  the  Carboniferous  formations.  In  Scotland,  the  mine? 
on  an  average  cuts  about  1^  tons,  whilst  in  South  Staffordshire  sod 
a  great  quantitv  of  shale  has  to  be  excavated  that  the  miner  onl^ 
attains  about  l|  tons  a  day.  Judging  from  the  statistics  which  an 
available  in  respect  to  the  United  States  on  this  subject,  the  lai^esl 
individual  output  noticed  is  that  of  Alabama,  where  the  ore  is  of  i 
soft  nature,  and  where  an  individual  production  was  made  of  509  *6£ 
tons  in  1889.  The  lowest  outputs  per  employ^  registered  weie  is 
Ohio  (157-95  tons),  Virginia  and  West  Virginia (209-87  tons).  These 
statistics,  taken  in  connection  with  other  information,  prove  that  tb« 
ore  in  the  above-mentioned  states  is  difficult  of  attainment.  It  ii 
noticeable,  too,  that  in  Pennsylvania  over  1000  employ^  are  at  worlq 
above  the  number  engaged  in  Alabama,  although  in  the  latt^*  cas^ 
the  production  exceeds  that  of  the  former  by  over  10,000  tons.  It  id 
notable  that  in  districts  whore  the  highest-valued  ore  is  won,  tb^ 
average  profits  per  ton  have  also  been  largest,  although  the  averagel 
output  per  man  has  been  amongst  the  smallest.  These  are  the  dis- 
•icts  also  in  which  the  highest  remuneration  has  obtained,  but  whert 
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the  outputs  of  ore  have  been  of  small  extent.  In  these  states,  there- 
R>re,  the  ores  have  been  easily  worked,  and  mining  maohinery  has 
[irobaUy  extensively  been  in  use.  Cleveland,  Scotland,  Cumberland 
lod  Lancashire  are  the  districts  of  the  United  Kingdom  where  the 
bigh-value  ores  are  found,  and  here,  it  would  seem,  the  miners  are 
the  best  paid.  In  all  these  districts,  too,  unlike  those  of  the  United 
States,  the  outputs  are  the  largest  in  the  kingdom.  The  highest- 
ralued  ores,  and  the  production  thereof,  are  given  under : — 


United  Kingdom, 

ProductkMii 


Value  of  Ore 
per  too. 
Tons.  9.     d. 

Gnmberland      1,594,461         ..        11  llf 

Lancaghire        1,021,990-       ..  8    8} 

Yorkshire  (N.) 5,728,314         ..         10    9 

Scotland 1,061,734         ..  9    SJ 

UniUd  8tate$. 

Idaho  and  Montana        24,072  ..  27  6 

Colorado    ..      109,136  ..  18  7 

NewJereey       415,510  ..  13  5 

New  York        1,247,537  ..  12  0 

The  value  of  the  red  hematite  ore  worked  in  Michigan  is  pretty  well 
Ml  a  par  with  that  of  our  own  derived  from  Cumberland.  In  the 
former,  the  value  is  lis,  3d.  per  ton,  whikt  in  the  latter  it  is  price<l 
it  11«.  lljd.  per  ton.  In  both  places  the  ore  in  generally  worked 
without  very  much  diflSculty. 

The  average  oust  of  grey  forge  iron  in  Great  Britain  is  given  at 
32«.  a  ton,  as  compared  with  36«.  on  the  Continent,  43».  in  the 
Southern  States,  and  56«.  in  the  Northern  States,  the  chief  difference 
between  the  Northern  and  Southern  States  Ijing  in  the  cost  of  ore. 
The  average  cost  of  Bessemer  iron  is  given  as  4l8.  in  Great  Britain, 
47 8.  on  the  Continent,  and  61«.  in  the  Northern  States,  none  being 
produced  in  the  South;  and  the  figures  for  spiegeleisen  are  44«.  in 
Great  Britain  and  608.  on  the  Continent.  These  figures  refer  to  the 
period  1887-90,  and  are  given  only  for  comparison  between  the  great 
producing  centres. 

The  detailed  cost  of  producing  a  ton  of  pig-iron  in  a  Sequachee 
Valley  furnace  in  1888,  using  its  own  local  ore  and  coal  and  buying 
soft  ore,  are  thus  given  :* — 

$.    d. 

Hard  ore  at  SO  per  cent,  2750  lb.  at  H«.      4    0 

Soft  ore  at  50  per  cent,  2325  lb.  at  9« 10    6 

Add  10  per  cent  for  waste,  moistore,  &c, 16 

Ore  per  ton  (2000  lb.)  iron.  

16    0 

Coke,  2750  lb.  at  8«.,  pins  waste 12    0 

Labour,  on  a  daily  make  of  85  tons     7    0 

Htore8,&o.  10 

Freight  on  coke        10 

Depreciation     10 

Interest      0    9 


£1  18    9 


Or,  on  the  English  ton £2    3    6 

»  W.  M.  Bowron. 
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The  annexed  figures*  refer  to  Birmingham,  Alabama,  when 
conditions  are  exceptionally  fayourable. 

(1)  Furnace,  75  x  17  ft;  brick  Btovee;  8  tnyers  6  in.  each, 
blowing  21,000  cub.  ft.  air  per  minute;  making  160  tons  a  d^j, 
80  per  cent,  foundry ;  burden : — 

Coke  (86-27  carbon,  11*22  ash,  2-51  yolatile  matter,  1  -55  snlphiir)  9G00 
Hard  red  ore  (89*47  iron,  8i2  lime  carbouate,  8*17  dlica,  3 '47 

alumiDa) 8600 

Soft  ore  (51*57  iron,  1*02  lime  carbonate,  16*62  silica,  5*05  ala- 

mina)       5000 

Limonite  (51  iron,  8  silica,  4  alnroina)  . .      ..-     2500 

Bilidous  red  ore  (34*7  iron,  1*79  lime  carbonate,  42*84  nlioa, 

403  alumina) 1200 

Limestone  (86*26  lime  carbonate,  7*50  magnesia  carbonate,  3*78 

(diicn,  *75  ainmina)       2070 

Dolomite  (55  lime  carbonate,  42*9  magnesia  carbonate,  1  silica, 

1  alumina)       2070 

(2)  Furnace,  76  x  18  ft.;  brick  stovee;  8  tuyers  7  in.  eadi 
12  ft  hearth;  22,000  cub.  ft.  air  a  minute;  averaging  193  tons  \ 
day  of  high  silicon  iron,  over  80  per  cent,  foundry;  burden  : — 

lb. 
Coke  (89*15  carbon,  10*33  asb,  1  *27  sulphur.  *52  volatile  matter) ..     5000 
Hard  red  ore  (37  irou,  28  lime  carbonate,  10  silica,  2  alumina)         . .     6800 

Soft  ore,  as  in  (1)      2650 

Limestone,  as  in  (1) 620 

Blag :  42  per  cent  lime,  38  silica,  14  alumina. 

(3)  Furnace,  76  x  20  ft. ;  brick  stoves ;  tuyers  and  blast  as  ii 
(2);  11  ft.  hearth ;  averaging  200  tons  a  day,  86  per  cent,  foundiy 
burden : — 

IK 

Coke,  as  in  (2) 5600 

Hard  ore,  as  in  (2) 6800 

Soft  ore,  as  in  (1)       2740 

Limonite,  as  in  (1) 2740 

Limestone,  as  in  (1) 1320 

Slag :  45  per  cent,  lime,  36  silica,  14  alumina. 

The  cost  of  the  coke  at  the  different  furnaces  varies  from  1%,  to  9* 
a  ton ;  limestone,  3«.  9d. ;  hard  ore,  crushed,  f.  o.  b.  mines,  2«.  6<i. ; 
freight,  7d.-l«. ;  soft  ore,  f.  o.  b.  mines,  1«.  6d. ;  freight,  9d  ;  Irondale 
soft  ore  (61  per  cent,  iron)  at  furnace,  4«.  6d. ;  limonite  (50  per  cent 
iron)  at  furnace,  4«.  9d.  On  a  month's  production  of  12,000  tons  from 
two  furnaces,  the  figures  of  cost  of  1  ton  (2000  lb.)  pig-iron  are:— 
CJoke,  9«.  3i. ;  ores,  8«.  7d. ;  limestone,  8cJ. ;  labour,  3«.  4<i ;  in©- 
dentals,  3«.  lid. :  total,  26«.  9(f. 

Production, — The  approximate  yearly  production  of  pig-iron  and 
steel  in  the  principal  countries  is : — 

♦  E.  C.  Pechin,  En.  and  Min.  Jl.,  July  14,  1894. 
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Pig  Iron. 

SteeL 

nited  Kingdom 

snnany 

lanoe 

ilgiom 

ofltio-Hangary 

reden 

issia     ..       ..      •• 

nited  States 

Iter  ooimtries      

tODK. 

6,000,000-8,000,000 

3,000,000-5,000,000 

2,000,000 

600,000-800,000 

750,000-950,000 

400,000-500,000 

600,000-900,000 

7,000,000-9,000,000 

400,000-600,000 

tons. 

3,000,000 

2,000,000 

600,000-800,000 

200,000-250,000 

400,000-500,000 

100,000-200,000 

200,000-300,000 

3,000,000-4.500,000 

150,000-250,000 

Total 

24,000,000-28,000,000 

10,000,000-12,000,000 

Bye-products. — Taking  the  weight  of  the  slag  produced  at  1  j  tone 
)r  ton  of  pig  iron,  we  may  assume  that  the  vast  heaps  of  this  com- 
fcratively  refuse  bye-product  are  increasing  in  this  country  alone  at 
le  rate  of  upwards  of  18  million  tons  annually.  Not  only  do  these 
^ps  cover  many  thousands  of  acres  of  land,  rendering  the  same  barren 
id  unprofitable,  but  in  some  cases,  where  sufficient  vacant  ground 
omot  be  obtained  near  the  works,  manufacturers  are  compelled  to  rid 
lemsel  ves  of  the  slag  by  conveying  it  away  to  considerable  distances, 
r  by  casting  it  into  the  sea,  at  a  very  heavy  annual  expenditure.  Slags 
I  immense  quantities  are  produced  also  in  the  new  processes  of  steel 
anufEurtnre.  Hence  the  utilisation  of  slag  *  is  an  important  question, 
arge  quantities  are  used  for  making  paving  setts  and  as  road  metal, 
id,  in  a  very  finely  powdered  condition,  for  cement  manufacture, 
nddle  slag  and  heating  cinder  have  been  recently  utilised  at  Boonton, 
^«w  Jersey,  for  paint.  The  process  involves  crushing  the  slag  to  an 
npalpable  powder  with  a  Cyclone  pulveriser,  and  then  setting  it 
ith  some  sorting  action  in  air  chambers.  Used  directly  and  alone, 
;  affords  a  dark  olive-green  paint,  which  also  makes  an  excellent 
ody  for  other  and  brighter  shades.  In  making  reds,  the  coarser 
rnshed  material  from  the  first  treatment  is  mixed  with  sulphuric 
cid  and  allowed  to  sweat,  as  it  is  called,  for  4  days.  This  changes 
be  slag  from  silicate  to  sulphate  of  iron.  It  is  then  calcined  to  afford 
be  oxide,  and  reground.  The  mill  is  making  5-6  tons  of  paint  stock 
aily.  Basic  slag  contains  roughly  17  per  cent,  phosphoric  acid  and 
0  per  cent.  lime.  While  not  a  suitable  fertiliser  for  all  soils  (cal- 
areons  ones  for  instance),  yet  for  sour,  peaty,  and  clay  soils  it  is  of 
Teat  value,  as  is  shown  by  the  fact  that  all  the  600,000  tons  a  year 
lade  in  England  are  sold  at  20-30«.  a  ton  at  the  woijks.  It  is 
Dteresting  to  note  that  the  phosphoric  acid  is  combined  with  the 
ime  in  a  difierent  way  from  what  has  been  found  in  nature,  and 
nstead  of  being  a  tri-basic  phosphate  it  is  a  tetra-phosphate,  readily 
oluble  in  water,  and  thus  only  requires  very  fine  grinding  in  order 
0  be  utilised  by  plants.  At  first  the  attempt  was  made  to  treat  it 
>J  various  chemical  methods,  the  same  as  super-phosphate,  but  it 
Kras  not  successful  until  applied  simply  in  the  ground  state.    Prof. 


♦  G.  Redgrave,  "  Utilisation  of  Slag,"  Soc.  Arts  Jl.,  Jan.  31, 1890. 
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Scheibler's  ingenious  process  for  extracting  the  phosphoric  acid  is 
therefore  but  little  used.  He  first  calcines  the  slag  in  an  oxidisiDg 
flame,  then  pulverises  and  sifts  it.  The  powder  is  dissolved  in  hydro- 
chlonc  acid,  and  the  solution  is  saturated  with  milk  of  lime.  In  tiiis 
way  a  substance  is  produced  which  is  said  to  contain  35-37  per  cent 
phosphoric  acid,  under  the  form  of  bi-basic  phosphate  of  lime.    A 
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LEAD. 

^HiL8  the  distribution  of  lead  ores  is  wide,  both  geographically  and 
;eologically,  it  has  been  assei-ted  *  that  the  period  of  their  formation 
as  had  considerable  inflneuce  upon  the  amount  of  silver  associated 
rith  them.  The  principal  ores  and  their  content  of  lead  when  pure 
re: — 

Lead. 
Per  cent. 

Galena,  sulphide,  PbS        86} 

CerDssite,  carbonate,  PbCO,      77} 

Angledte,  snlphate,  PbSO^        67} 

Pyromorphite,  pboapbate  and  chloride,  Pb,P,0„  PbCl,       •.     75 

In  addition,  various  mixtures  of  these  and  limonite  (iron  oxide) 
■©  Worked. 

The  chief  centres  of  lead  production  are  Cumberland,  Cornwall, 
kd  Derbyshire  in  England ;  Fuy  de  Ddme  and  Bretagne  in  France ; 
kzon  Erzgebirge,  Silesia,  Harz  and  parts  of  Khenish  Prussia  in 
armany;  Carinthia  in  Austria;  Linares  and  Cartagena  in  Spain; 
beria,  Ural,  and  the  CaucasuM;  the  Rooky  Mountains  and  Upper 
ississippi  Valley ;  and  recently,  Broken  HUl,  Australia. 

The  production  in  the  United  Kingdom  shows  a  steady  decline 
»m  about  100,000  tons  of  ore  worth  10/.  a  ton  in  1870  to  only  45,000 
IS  value  8/.  10s.  a  ton  in  1890. 

The  plumbiferous  region  t  of  Puy  de  D6me  is,  roughly  speaking, 

nndnlating  plateau  of  ciystalline  schists,  ranging  from  ohloritic 
list  to  gneiss.  The  age  of  the  lode  formation  is  placed  by  Lodin 
;ween  the  Miocene  and  Pliocene.  Eruptive  rocks  are  present  in 
>at  variety,  two  kinds  especially : — (a)  acidic,  usually  occurring  as 
kee,  and  of  age  anterior  to  the  lode  formation ;  (&)  basic,  generally 
lava  flows,  of  age  posterior  to  the  lodes,  whose  croppings  they  often 
er.  The  acidic  type  is  represented  for  the  most  part  by  granulite 
pegmatite,  sometimes  rendered  porphyritic  by  the  presence  of  large 
Htalfl  of  felspar.  The  dykes  of  this  rock  are  very  numerous.  Their 
ke  is  usually  between  N.N.E.  and  N.N. W., and  their  thickness  varies 
n  a  few  inches  to  more  than  60  ft.  Their  general  course  coincides 
h  that  of  the  mineral  belt.  In  addition  to  these  there  are  others 
lorpbyrite,  far  less  considerable  in  number,  and  of  an  age  later 
a  the  lode  formation.  The  connection  between  the  lodes  and  the 
Qulite  dykee  is  most  marked.    The  veins  of  ore  consist  of  a  barytic 

quartzose  filling,  containing  blende  and  galena,  occurring  in 
aks  of  varying  regularity  in  the  midst  of  the  dyke  rock,  which  is 
etimee  brecciated  and  crushed,  sometimes  solid  and  unbroken. 

•  F.  C.  von  Petersdorflf. 

t  T.  A.  Bkkard,  **  Tbe  Lodes  of  Pontgibaud,"  En.  and  Min.  JL 
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When  the  dyke  diminishee  in  size,  the  streak  of  ore  deoietses  i 
width ;  when  the  lode  fracture  ceases  to  be  accompanied  by  dj) 
rock,  and  penetrates  the  enclosing  gneiss  or  schist,  then  the  veb 
filling  narrows  and  becomes  .barren  of  ore. 

Numerous  veins  of  argentiferous  galena  occur  in  Devonian  rod 
in  the  vicinity  of  Brilon,  Miisen,  and  Siegen,  in  Rhenish  Westpbdi 
In  the  sandstone  of  Bleiberg,  in  the  Eiffel  district  of  Dliren,  are  lu] 
deposits  of  lead  in  the  form  of  nodules  or  KikMen^  and  the  rock 
which  they  belong  is  known  as  KnoUeinr%a%dai^n,  The  nodules  cona 
chiefly  of  galena,  and  more  rarely  of  cerussite.  They  are  spherio 
concretions,  usuallv  smaller  than  a  pea,  and  at  Bleiberg  constits 
4  to  10  per  cent,  of  the  whole  of  the  bed.  The  total  production 
lead  ore  in  these  provinces  in  1890  was  82,400  tons  ;  and  of  this  tot 
the  district  of  Commem-Ckm&ad  (where  the  Meinerzhagener  Bleiba 
mine  Mechemich  is  the  chief  producer)  yielded  43,440  tons.  In  il 
Hars,  lead  ores  occur  in  the  Devonian  and  Lower  Carboniferous  rod 
of  Clausthal  and  Zellerfeld ;  in  the  Devonian  rocks  of  Bammelsbei] 
and  in  the  Silurian  rocks  of  St.  Andreasberg  and  Haizgerode.  H 
Rammelsberg  deposits  consist  of  lenticular  masses  of  ore  chiefly  ooi 
posed  of  iron  pyrites,  copper  pyrites,  and  galena.  The  productioo 
concentrated  ore  in  the  Uarz  for  1890  was:  Clausthal,  7233  ten 
Lautenthal,  1683;  Orund,  4635;  Andreasberg,  239:  Rammelsbd 
34,818.  In  the  Er^zebirge  the  lodes  occur  in  crystalline  schists  ai 
in  igneous  rocks.  The  ^ief  district  is  Freiberg,  where  tiiere  i 
about  90  lodes,  chiefly  in  gneiss,  both  red  and  grey,  which  toward  tl 
west  is  overlain  by  mica  schists  and  day-slates.  The  schistose  stnl 
are  traversed  by  eruptive  rocks,  some  of  which  have  become  convertj 
into  serpentine.  The  output  of  ore  in  the  Freiberg  district  for  18J 
was  31,502  tons.  The  deposits  of  Upper  Silesia  containing  zinc  u 
lead  are  enclosed  in  beds  of  the  lower  *'  Muschelkalk."  Gkdena  ooca 
in  the  form  of  grains  or  in  seamlike  deposits  in  dolomite ;  the  this 
ness  of  the  be&  is  not  more  than  12  ft.  The  produce  for  1891  ^ 
27,616  tons.  The  production  of  lead  ore  in  Prussia  in  1891  amonnti 
to  140,112  metric  tons. 

The  lead  mines  of  the  Spanish  provinces  of  Murcia  and  Almeii^ 
exist  in  various  geological  formations.  The  north  group,  that' 
Mazarron,  occurs  in  tvpical  trachytes,  which  are  traversed  by  a  m 
work  of  powerful  lodes  of  galena,  often  accompanied  by  bl^ide  i^ 
pyrites;  the  Sierra  of  the  Lomo  de  Bas  has  numerous  smfdl  veijtf' 
clay  slates,  probably  of  Devonian  age ;  the  groups  of  the  Baladre  tf 
Charcon,  and  Jarabia,  contain  galena,  blende,  pyrites,  and  ^ 
spathic  iron ;  in  the  Sierra  Almagrera  tiie  mines  are  very  numeit)^ 
and  many  have  proved  highly  remunerative  from  their  considerab 
percentage  in  silver,  but  they  are  worked  under  great  diffioultiec,t 
account  of  the  intense  heat  underground,  and  from  the  large  inflow  < 
water  in  the  deeper  workings.  The  Sierra  Almagrera  is  fcHined  \ 
slates  and  schists,  more  or  less  metamorphio  and  non-fo6silif«n70 
being  probably  Silurian.  At  the  foot  of  this  mountain  mass,  in  ^ 
plain  below,  at  the  Herrerias,  is  found  an  immense  deposit  of  ii^ 
stone,  a  portion  of  which  is  manganiferous,and  furnishes  an  excelled 
*  J.  Deby,  **  Argentiferous  Lead  Mines  of  Spain,*'  indaislries. 
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ore  of  iron ;  while  another  portion  contains  sand,  gravel,  and  frag- 
ments of  barytes,  and  abo  silver,  both  in  the  native  state  and  as  a 
chloride.  Farther  south,  liie  Bedar  and  the  Beforma  mines  are 
f^orked  in  a  remarkable  formation,  consisting  of  a  conglomerate,  or 
rather  breccia,  constituted  by  fragments  of  limestone  united  by  coat- 
ings and  strings  of  galena,  and  which  often  attains  a  thickness  of 
150  ft.  This  rests  upon  Tertiary  dolomitic  limestone,  which  in  turn 
ies  unconformably  on  mica  schist.  In  some  places  tiie  galena  is  re- 
placed by  the  blue  and  green  carbonates  of  copper.  The  production 
>f  the  conglomerate  is  no  doubt  due  to  the  intrusion  in  the  neighbour- 
lood  of  an  immense  body  of  basaltic  rocks.  The  approximate  total 
)rodnction  of  lead  in  Spain  jduring  1892  may  be  fixed  at  160,000  tons, 
►f  which  one-third  only  is  argentiferous. 

Gralena  is  common  in  many  parts  of  India,  but  Cuddapah  and 
Barnaul  are  probably  richest  in  the  ore.  In  Cuddapah,  at  the  village 
•f  Judgumrazpilly,  close  to  the  Nallamallay  Hills,  old  lead  workings 
re  conspicuous.  A  sample  of  ore  from  these  regions  yielded  78  per 
ent.  lead  and  22  oz.  silver  to  the  ton  of  lead.  Both  these  and  the 
Camaul  mines  would  probably  repay  scientific  exploitation  hand- 
amely.  'J'hree  analyses  of  ore  from  uie  latter  yielded,  respectively, 
74  oz.,  175  oz.,  and  165  oz.  silver  to  the  ton,  which  would  render 
bem  well  worth  working.  In  Bengal  galena  has  been  found  in  the 
onthal  Pergunnahs  and  also  in  Bhagalpore.  An  analysis  of  ore 
>tind  in  the  latter  district  showed  78  per  cent,  lead  and  103  oz.  silver 
>  the  ton. 

In  the  United  States  the  chief  sources  (80-85  per  cent.)  of  lead  in 
ite  years  have  been  argentiferous  ores,  and  considerable  from  zinc 
res,  bat  a  notable  exception  is  found  in  S.E.  Missouri,*  where  galena 
xx>mpanied  by  nickeliferous  pyrite  is  disseminated  through  mag- 
esian  limestone  of  Cambrian  age.  The  Mines  are  at  Bonne  Terre, 
Line  la  Motte,  and  Doe  Bun.  The  strata  lie  almost  horizontal,  and 
re  known  to  carry  lead  through  over  200  ft.  in  thickness.  The  pro- 
active places  fade  out  into  barren  rock,  and  appear  to  be  local 
irichments  of  the  limestone,  of  which  the  galena  forms  an  integral 
xrt.  At  Bonne  Terre,  they  are  of  enormous  size,  one  working 
inning  3000  ft.,  and  being  100-200  ft.  broad  and  25-60  ft.  high.  No 
nc,  however,  occurs  with  the  lead,  and  the  silver  contents  are  very 
aall,  being  about  4  oz.  to  the  ton  of  lead.  At  Mine  la  Motte  some 
tpper  is  found,  and  considerable  nickel  and  cobalt.  Pyrite  accom- 
knies  the  galena,  and  carries  the  nickel  and  cobalt,  which  is  obtained 
a  bye-product  in  the  lead  smelting.  All  the  ore  bodies  are  crossed 
7  small  faults,  adjoining  which  the  rock  is  invariably  barren, 
nobs  of  Archaean  granite,  containing  diabase  dykes,  crop  out  near 
e  mines,  but  never  penetrate  the  limestone,  and  were  evidently  in- 
aded  before  it  was  laid  down.  The  ore  must  have  been  deposited 
itb  the  limestone,  or  have  been  introduced  since  the  latter  was 
rmed,  and  by  the  percolation  of  ore-bearing  solutions  through  the 
ck,  with  no  marked  fissure  vein  development.  It  is  a  curious  fact 
at  as  the  ore  bodies  are  followed  up  to  the  faults  they  invariably 
come  lean  or  run  out.  Their  place  of  formation  has  apparently 
♦  J.  F.  Kemp,  *  Ore  Deposits,'  p.  158. 
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some  connection  with  low  folds  at  right  angles  to  the  faults.  The 
ore  bodies  favour  the  anticlinal  bends.  This  whole  region  of  Cam- 
brian and  Lower  Silurian  rooks,  over  nearly  3000  sq.  miles,  conUiM 
lead.  The  ore  affords  an  average  of  about  8  per  cent,  galeoa. 
Except  at  Mine  la  Motte,  lead  was  also  once  obtaiDed  from  small  gash 
veins,  but  the  workings  were  never  commensurate  with  the  preaent 
mines  of  disseminated  ore. 

The  gash  veins  and  horizontal  cavities  ("  flats ")  of  Wisooimn  * 
are  limited  to  the  Galena  and  Trenton  limestones,  and  contain  galena, 
blende,  pyrite  (or  marcasite),  calcite,  barite,  and  residual  clay.  The 
Galena  limestone  is  a  dolomite,  250  ft.  thick;  under  it  lies  the 
Trenton,  40-100  ft.  thick,  in  two  portions — an  upper,  blue,  dod- 
magnesian,  and  a  lower,  buff,  magnesian.  The  ore  beds  spedallv 
favour  the  shallow  synclinal  depressions  in  the  E.-W.  folds,  and 
occur  in  crevices,  which  are  alternately  barren  and  productive. 
Lead  ores  predominate  in  the  Upper  Gralena ;  zinc  ores  in  the  Low«t 
Galena  and  the  Trenton.  The  upper  deposits  are  mostly  in  vertical 
gashes;  the  lower  in  "flats,"  which  dip  down  at  the  ends  ("pitoh^"! 
and  often  connect  with  another  flat.  I'he  ores  were  probably  deposited 
with  the  limestones. 

The  Missouri  deposits  occur  in  the  Keokuk  or  Archimedes  limestcfw 
of  the  Lower  Carboniferous,  in  "runs,"  100-300  ft.  long,  10-50  ft. 
wide,  and  5-50  ft  hijih ;  and  even  larger.  As  a  general  thing  the 
ore  is  in  interstices  of  brecciated  chert,  but  it  is  alno  in  limestooe 
and  dolomite,  and  associated  with  a  siiicified  form  of  the  in»4nbl« 
residue  left  by  the  solution  of  the  limestone,  which  Dr.  Jennej  cali^ 
"cherokite."  All  the  ores  require  concentration.  Galena  naoaliy 
occurs  near  the  surface,  while  blende  is  more  abundant  in  depth. 
Cadmium  is  at  times  present  in  the  blende  in  notable  amount. 

In  Wythe  county,  Virginia,  are  similar  strata  in  limestone  cff 
dolomite,  impregnated  with  lead  and  zinc 

Ot  by  far  the  greatest  importance  are  the  Leadville  (Coloiado 
bodies  of  oxidised  silver-lead  ores,  passing  in  depth  into  salphides 
in  much  faulted  Carboniferous  dolomitic  limestone,  associated  with 
dykes  and  sheets  of  porphyry.  The  ores  are  chiefly  earthy  lead  oar- 
bonate,  with  silver  chloride,  in  a  clayey  or  silicious  mass  of  hydrated 
oxides  of  iron  and  manganese.  Sometimes  silver  chloride  oocan 
without  lead.  Some  zinc  is  also  found,  and  many  rare  nuDonl^ 
Where  the  ore  is  in  a  hard,  silicious,  limonite  gangue,  it  is  called 
'*  hard ''  carbonate ;  but  where  it  is  sandy  and  incoherent,  it  fiors^ 
**  soft "  carbonate,  or  "  sand  "  carbonate.  All  the  mines  produce  sbsi2 
amounts  of  gold,  occasionally  of  more  importance  than  the  mlTef- 
A  few  ore  bodies  are  found  at  other  horizons  than  the  Carhoniforwa. 
They  also  run  in  instances  as  much  as  100  ft.  from  the  ocmtact,  aad 
may  likewise  be  found  in  the  porphyry,  doubtless  replacing  indadrf 
limestone.  According  to  8.  F.  Emmons,  the  ore  bodies  were  depostd 
from  aqueous  solutions,  and  originally  as  sulphides,  at  a  gn* 
depth  below  the  rock-surface  (probably  10,000  ft.);  by  subseqno* 
dynamic  movements  and  by  erosion,  they  have  been  brought  to  tl»^ 
present  position  near  the  surface;  through  secondary  alteratk* 
♦  T.  C.  Chamberlain,  Wisoooain  Geol.  Survey,  iv.  367. 
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by  surface- waters,  they  have  been  changed  to  oxides,  carbonates  and 
chlorides ;  that  the  process  of  deposition  was  a  metasomatic  inter- 
change between  the  minerals  brought  in  in  solution  and  the  lime- 
8ton€^ — that  is,  they  were  not  deposited  in  already  existiDg  open 
cavities,  but  gradually  replaced  the  limestone,  from  the  channels 
through  which  they  reached  it  outwards;  the  wilutions  or  ore- 
currents  reached  the  present  ioctia  of  the  deposits  directly  from 
above,  and  not  from  below ;  and  whatever  may  have  been  the  ultimate 
»mrce  from  which  the  minei*al  components  of  the  deposits  came, 
the  observed  facts  point  to  the  neighbouring  eruptive  rocks  as  the 
immediate  source. 

On  AKpen  Mountain  ♦  the  ore  bodies  favour  the  contact  between 
the  blue  limestone  and  the  brown  dolomite.  The  former  is  very 
pare,  while  the  latter  contains  20-28  per  cent,  magnesium  carbonate. 
The  ore  replaces  and  impregnates  the  blue  limestone,  often  with  very 
little  change  in  its  appearance,  but  it  fills  the  numerous  cracks  in  the 
more  broken  dolomite,  coating  larger  and  smaller  blocks.  The  ore 
occurs  also  in  minor  fissures.  On  Smuggler  Mountain  the  ore  espe- 
cially follows  the  fissure  veins. 

At  Bed  Mountain,  Ouray  county,  oxidised  silver-lead  ores,  passing 
into  sulphides  below,  are  met  with  in  large  and  small  cavities  in 
knobs  of  silicified  andesite. 

In  the  Coeur  d'Alene,  Idaho,t  are  very  important  and  productive 
bodice  of  galena  and  subordinate  alteration  products,  in  a  mineralised 
eone  having  a  well-marked  quartzite  footwall  and  an  impregnated, 
brecciated  hanging  wall  of  the  same  rock.  The  ore  is  in  large  shutes, 
i^hich  fill  innumerable  small  fractures  in  the  rocks — quartzite  and 
thin  beds  of  schists,  much  folded,  along  east  and  west  axes,  by  which 
they  became  faulted  and  shattered,  and  in  the  principal  mineral  belt 
ifibrded  an  opportunity  for  the  ore  to  deposit ;  the  gangue  is  siderite. 

Most  of  the  Utah  argentiferous  lead  deposits  are  in  blue  limestone. 
Alt  the  Horn  silver  mine  is  a  great  contact  fissure  vein  between  a 
rhyolite  hanging  wall  and  a  limestone  footwall.  At  Carbonate  mine 
\  fissure  vein  occurs  in  homblende-andesite.  At  the  Cane  mine, 
chambers  in  limestone  carry  limonite  and  oxidised  silver-lead  ore» 
5-7  per  cent,  lead),  chiefly  valuable  for  fluxing. 

The  mines  of  Eureka,  Nevada,  are  in  Cambrian  limestone. 

The  total  production  of  the  United  States  is  150,000-200,000  tons 
mnually,  and  Mexico,  25,000  tons. 

The  most  remarkable  mines  in  the  world  are  the  Broken  Hill 
p-oup,}  New  South  Wales,  which  have  yielded  metal  to  the  value  of 
ibout  10  million  Hterling  in  less  than  10  years,  and  still  afford  weekly 
>OO--8O0  tons  lead,  and  over  200,000  oz.  silver,  'i'he  geological  featnres 
ire  metamorphosed  clay-slates  and  talcose  mica-schists,  traversed  by 
uaasee  and  dykes  of  granite  and  diorite,  generally  N.  E.-S.W.,  but 
boDEietimes  forming  networks.  The  schists  locally  pass  into  gneiss, 
md  that  into  porpnyritic  granite.  The  rocks  strike  generally  N.W., 
ind  dip  N.  W.  about  63^,  but  the  formation  is  much  disturbed  in  parts. 

•  J.  P.  Kemp,  op.  dt  t  J.  E.  Clayton,  En.  ond  Miu.  Jl.,  Feb.  11, 1888. 

t  M.  B.  Jamiesoo  and  J.  Howell.  ^  Mining  and  Ore  Treatment  at  Broken  Hill,'' 
If  in.  Proo.  Inti.  Ciy.  Enge.,  Papet  No.  2U09.  * 
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The  lode  appears  to  be  a  mineralised  bed  without  regular  and  well* 
defined  walls.  There  is  evidence  of  the  existence  of  an  ticlines  at  Tarioiis 
points,  and  the  whole  may  come  together  again  beneath,  althong^  it 
IS  quite  as  probable  that  the  lode  now  being  worked  is  only  one  of  ft 
series  of  **  saddle  reefs."  The  surface  outcrop  consists  of  masses  of 
manganese  oxide,  gossan,  altered  schist,  garnet-rock,  quartz,  and 
quartzite,  with  some  felspar;  rich  specimens  of  iodide,  chloride, 
and  chloro-bromide  of  silver  also  have  been  found  on  the  surfiwe  in 
some  places.  Lead  carbonate  did  not  appear  in  any  quantity  at  tk 
surface,  but  underneath  both  carbonate  and  phosphate  were  found  in 
great  quantities,  containing  silver  in  a  variety  of  combiuations.  The 
small  quantity  of  iron  pyrites  in  the  mine  does  not  account  for  th« 
presence  of  the  large  amount  of  ferrous  oxide  in  the  upper  porti(m  of 
the  lode  by  the  decomposition  of  iron  sulphides.  The  ore  bodi^ 
dassed  according  to  the  methods  of  treatment  applicable  to  them, 
are : — (a)  suitable  for  blast-furnace  treatment,  chiefly  lead  carboDtW 
and  ferrous  oxide,  carrying  silver ;  (6)  concentrating,  both  oiidised 
and  sulphide,  carrying  lead  and  a  high  percentage  of  silica ;  (c)  con- 
taining silver  in  combination  with  chlorine  and  bromine,  which, 
after  chloridising  and  roasting,  are  suitable  for  leaching ;  (j^  fit  for 
amalgamation,  containing  silver  as  chloride,  chloro-bromiae,  aod 
metaDic,  associated  with  a  small  quantity  of  lead ;  (e)  areentifenms 
lead  and  zinc  sulphides  requiring  concentration,  and  which,  of  low 
grade,  exist  in  enormous  quantities  below  the  permanent  water-level 
Another  classification  is : — (a)  iron  and  manganese  oxides,  contaiidiig  | 
22-160  oz.  silver  per  ton;  (o)  lead  carbonate,  oontaioing  10-55  per 
cent,  lead,  and  7-11  Ooz.  silver  per  ton;  (c) kaolin,  containing  l2-7(^' 
oz.  silver  per  ton,  usually  metallic,  or  as  chloride,  iodide,  chlvrr^ 
bromide,  or  bromide,  with  or  without  a  small  percentage  of  lead  u 
cerussite ;  (d)  copper  carbonate  and  oxide,  containing  lead  in  the  fom 
of  silicate  and  carbonate,  with  30-200  oz.  silver  per  ton,  freqnentlr 
associated  with  massive  silver  chloride  and  native  copper ;  (e)  garnrt 
rock,  being  crystals  of  manganese-iron  garnet,  carrying  8-70  oz.  ailvtf 
per  ton,  and  a  small  amount  of  lead ;  (/}  sulphide  oree,  chieflj  d 
lead  and  zinc,  with  7-80  oz.  silver  per  ton,  and  an  average  of  aboQt 
30  per  cent,  silica  and  garnet,  about  26  per  cent,  lead,  and  21  per 
cent.  zinc.  The  ore-bodies  vary  much  in  size,  the  greatest  width 
yet  disclosed  being  316  ft.,  least  15  ft.,  and  average  about  K^fi 
Manganese-iron  ore  may  be  said  to  form  the  capping  of  the  kde 
throughout,  and  the  greatest  depth  to  which  the  iron  ore  may  b« 
said  to  exist  exclusively  is  300  ft.  from  the  surface,  although  it  ba« 
been  discovered  at  400  ft.  Underneath  the  iron,  the  greatest  exta; 
of  ore  exists  as  lead  carbonate  and  masses  of  kaolin ;  copper  carbouAt* 
is  found  in  a  horizontal  seam  within  the  lead  carbonate  and  kaoli 
ore-bodies.  Underneath  the  lead  carbonate  and  kaolin  lie  enennoo 
bodies  of  sulphides.  At  several  points,  at  varying  depths,  the  lod 
is  split  into  two  legs  by  **  horses  "  of  barren  rock,  more  or  leas  as. 
tinuously  throughout  its  length.  In  places  the  lode  stands  alizM 
vertical,  but,  on  the  whole,  the  greatest  dip  is  to  the  west  Tl> 
average  level  of  the  sulphide  zone  is  about  300  ft  from  the  sorfece 
the  nearest  point  to  the  surface  at  which  sulphides  have  been  fboB* 
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A  about  110  ft.,  whilst  the  greatest  depth  at  which  oxidised  ores 
lave  yet  been  found  is  about  515  ft.  At  some  places  thoroughly 
)xidi8ed  and  almost  pure  sulphide  ores  are  found  side  by  side  to  as 
preat  a  depth  as  200  ft. 

Dresnng. — The  process  to  be  chosen  for  extracting  the  lead  from 
ts  ores  will  depend  upon  several  conditions— the  composition  and 
rield  of  the  ore,  character  of  gangue,  influence  of  foreign  matters, 
Inx  and  fuel  supplies — but  practically  all  ores  require  to  be  first 
Iressed,  both  to  remove  undesirable  impurities,  and  to  enrich  the  ore 
D  metallic  contents.  Chief  among  the  foreign  substances  is  silver, 
rhich  all  lead  ores  contain,  but  only  those  which  afford  it  in  quanti- 
166  sufficient  to  repay  extraction  are  called  argentiferous.  While 
ilver  facilitates  smelting,  and  adds  value  when  abundant  enough,  it 
ften  complicates  the  dressing  process,  especially  when  its  combina- 
ions  possess  less  specific  gravity  than  the  lead  ore.  All  other  metal- 
tferous  foreign  matters  may  be  regarded  as  injurious— zinc  blende, 
dbnite,  iron,  copper,  and  arsenical  pyrites— must  be  removed,  so  that 
ressing  becomes  a  highly  important  operation.  Generally  speaking, 
iad  dressing  fallows  the  principles  and  employs  the  appliances 
Iready  described  under  Concentration  (pp.  133-52),  and  repetition 
I  not  needed  here ;  but  a  few  typical  installations  merit  attention. 

As  an  instance  of  the  application  of  simple  methods,  reference  may 
e  made  to  the  rectangular  inclined  plane  made  of  wood  lined  with 
lieet  iron  (in  Wales),  or  of  stone  (in  Persia),  on  which,  by  some  degree 
r  skill,  zinc  carbonate  may  be  washed  away  from  lead  carbonate  by 
mply  raking  the  mixture  against  a  steady  stream  of  water.  But 
res  amenable  to  such  easy  treatment  are  rare. 

The  ores  treated  at  Clausthal,  in  the  Harz,  consist  of  low-grade 
'gentiferous  galena,  somewhat  finely  scattered  through  a  gangue  of 
despar  and  baryta,  and  mixed  with  both  copper  and  iron  pyrites, 
arcasite,  and  zincblende.  The  works  are  among  the  largest  and 
06t  extensive  in  the  world,  their  capacity  being  about  650  tons  a 
ly.  in  erecting  and  arranging  the  works,  advantage  has  been 
ken,  in  the  usual  way,  of  the  slope  of  the  hillside,  the  ore  entering 
pon  its  course  of  treatment  on  the  highest,  and  leaving  it  on  the 
west  level.  The  water  used  for  dressing,  and  for  driving  a  part  of 
te  machinery,  is  brought  by  a  ditch  to  the  place  where  it  is  first 
>€ded,  whence  it  descends;  after  having  been  used  on  the  higher 
vel,  it  is  allowed  to  cUar  in  tanks  before  being  used  again  on  the 
»xt.  In  its  downward  course  it  passes  through  several  series  of 
volving  screens,  settling  boxes,  jigs  of  all  classes,  stamp-batteries, 
iddles,  tables,  &c ;  it  also  drives  several  turbines  and  one  overshot 
heel  before  it  finds  rest  in  the  slime  pits  on  the  lowest  leveL  It 
metimee  happens  that  all  the  water  available  is  necessary  for  the 
easing  operations,  when  the  water  used  for  driving  machinery  is 
placed  by  steam. 

Under  ground  the  ore  is  separated  from  absolutely  barren  gangue 
id  wall  rock.  Arrived  on  the  surface,  it  begins  its  course  of  treat- 
ent  in  the  second  storey  of  the  breaker  house,  where  it  is  dumped 

bar  grates,  which  separate  it  into  two  classes,  above  and  below 

mm.     The  fine  stuff  drops  through  the  grates  into  a  revolving 
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Boreen,  where  it  is  screened  wet.  The  coarser  particles  remainipg  en 
the  grates  are  pnshed  down  an  incline  into  the  feeder  of  a  ^ab 
crusher,  and  broken  to  the  required  size  of  64  mm.  and  under,  aa 
fall  into  a  revolving  screen  to  be  screened  dry.  These  screens  ^yn^ 
the  ore  into  two  sizes— above  and  below  32  mm.  All  the  larger  m 
is  taken  to  the  picking  houBes.  The  ore  from  the  breaker  screens  i 
kept  separate  ft-om  that  from  the  grate  screens  throughout  tiiet 
operations.  The  products  of  the  first  picking  are : — (a)  crushing  or 
containing  coarse  particles  of  galena;  (6)  stamping  ore  oontainiiij 
finelj-disseminated  grains  of  galena;  (c)  copper  pyrites;  (J^  ira 
pyrites ;  (c)  zincblende ;  (/)  marcasite ;  {g)  barren  gangue  and  w«I 
rock.  Of  those,  the  pyrites  and  marcasite  aie  turned  over  to  coppe 
and  iron  smeltine  establishments,  also  belonging  to  the  G(ovemmeo< 
while  the  zincblende  is  disposed  of  in  open  market. 

The  now  partly  purified  ore,  of  32  mm.  and  under,  deeoenda  to  tli 
coarse  separating  house  on  the  fourth  level,  where  it  is  parted  in  th 
wet  way  into  8  sizes;  the  largest,  over  17*78  mm.,  is  once  moP 
picked  over  in  the  second  picking  house  on  the  same  floor,  when  tk 
same  products  are  obtained  as  in  the  first  picking.  The  other  sin 
resulting  from  the  coarse  drums  are: — 17 -78  mm.,  over  13*44  mm 
and  under  17*78  mm.,  over  10*00  mm.  and  under  13*44  mm.,  ove 
7*60  mm.  and  under  10*00  mm.,  over  6*62  mm.  and  under  7 '60  mm. 
over  4-22  mm.  and  under  5*62  mm.  These  6  sizes  are  nexttietta 
on  coarse  jiggers.  The  particles  less  than  4*22  mm.  go  throaghtbi 
holes  of  the  last  screen  of  each  set,  and  are  caught  in  a  funnel  Tb^ 
turbid  water,  carrying  with  it  particles  of  ore  under  1  mm.  in  siia 
flows  ofl"  to  a  settling  box,  from  where  the  fine  sands  are  taken  to  th^ 
auxiliary  washing  house,  while  the  coarser  sizes  up  to  4*22  mm.  aij 
drawn  ofl'  from  the  funnels  to  a  series  of  fine  sizing  drums,  whid 
produce  the  following  7  classes: — 4*22  mm.,  over  3*16  mm.  and imd« 
4*22  mm.,  over  2*37  mm.  and  under  3*16  mm.,  over  1*78  mm.  anj 
under  2*37  mm.,  over  1*33  mm.  and  under  1*78  mm.,  over  1*00  mm 
and  under  1  *  33  mm.,  and  material  of  1  mm.  and  smaller,  which  i 
caught  in  a  funnel  below  the  last  screen  of  each  series.  The  samj 
sizes  are  also  obtained  in  the  middle  and  fine  crushing  house,  wher 
the  products  of  coarse  ji^ng  are  crushed  and  sized.  The  sizes  fron 
4*22  to  1  mm.  are  next  treated  on  fine  jiggers.  The  intermedia^ 
products  from  these  and  the  stamp  ore  resulting  from  the  difieresi 
pickings  are  taken  to  the  stamp  mill  for  further  treatment  Tb 
slime  produced  by  the  stamp  battery  is  conducted  through  a  clasiS 
cation  apparatus,  consisting  of  a  number  of  boxes  of  increasbg  sid 
in  which  the  particles  are  deposited  according  to  gravity.  Tb 
water  flows  from  the  last  box  through  a  settler,  where  it  deponts  it 
fine  slimes.  The  sand  is  drawn  off  from  the  boxes,  jigged,  if  neoesstfj 
rejigged,  and  huddled.  The  turbid  water  from  eawon  set  of  ji^i^ 
runs  through  an  adjoining  labyrinth,  having  a  circulation  of  2d-4o  ■ 
where  the  slimes  carried  by  it  in  suspension  are  deposited  into  clei 
ing  tanks  outside.  The  slimes  in  the  settlers  are  conveyed  by  met 
of  a  rising  stream  of  water  to  the  upper  one  of  two  overU 
buddies,  on  which  piire  slime  and  enriched  sand  is  obtained, 
latter  is  passed  on  to  the  lower  huddle.    The  remaining  intermedil 
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trodncts  of  the  sand  jiggers  are  treated  on  tables,  and  the  slimes  are 
rom  time  to  time  removed  from  the  pits  and  labyrinths,  and  bnddled. 
rhe  slimes  from  the  settlers  attached  to  the  coarse  separating  and 
rushing  honses  are  dressed  in  a  similar  manner  and  on  similar  appa- 
atTis  in  the  auxiliary  washing  house.  It  is  one  of  the  characteristics 
f  the  method  adopted  in  these  works  that  the  jigging  and  sizing  are 
arried  out  to  the  extreme  limit,  and  that  all  puritied  ore  is  obtained 
">°^  jigg^rs^  buddies,  and  tables,  and  none  by  hand  picking. 

The  machinery  in  use  is  in  no  way  peculiar.  The  coarse  crushing 
oils  are  set  18  mm.  apart,  and  make  24  rev.  a  minute,  having  a 
apocity  of  5-7^  tons  per  hour  and  pair.  The  middle  and  fine  crush- 
t)g  roUa  are  set  to  6  and  2  mm.,  respectively,  have  a  capacity  of 
i-3  tons  per  hour  and  pair,  and  60  rev.  a  minute.  The  sizing 
pparatus  consists  of  revolving  screen  drums  of  perforated  sheet  iron ; 
hose  having  holes  of  1  mm.  are  of  sheet  copper.  Those  used  for 
rashing  and  sizing  grate  smalls  are  conical  in  shape,  with  horizontal 
xes,  about  9  ft.  long  and  2  ft.  8  in.  to  3  ft.  6  in.  diam.,  and  have 
2  mm.  perforations.  Their  capacity  is  2^3^  tons  an  hour,  and  they 
lake  12  rev.  a  minute.  Those  used  for  breaker  smalls  correspond, 
iccpt  in  length,  which  is  6  ft.  The  screens,  with  perforations  from 
7 '78  to  4*22  mm.,  have  the  same  length,  but  vary  in  diameter;  the 
irger  being  3  ft.  and  smaller  2  ft.  These  drums  make  12  rev.  a 
linute,  and  have  a  capacity  of  3^5^  tons  per  set  of  3.  The  drums 
)rfine  sizing,  that  is,  those  having  holes  3*16-1  mm.,  respectively, 
re  arranged  in  sets  of  5,  having  about  the  same  capacity  as  the  last, 
hey  make  the  same  number  of  revolutions,  and  are  6  ft.  long  by 
-2 J  ft  diam.  The  jiggers  are  continuously  working,  have  stationary 
eves,  and  receive  their  jigging  action  itoxa  the  upward  impulse, 
iven  by  a  succession  of  strong  jets  of  water,  to  the  ore  placed  on 
lem,  produced  by  pistons,  one  for  each  jigger,  placed  in  a  compart- 
lent  behind  the  one  in  which  the  sieve  is  fixed,  separated  on  top,  but 
)Dnecting  below.  The  buddies  are  arranged  in  sets  of  3 ;  2  are  fitted  on 
le  shaft,  and  the  third  on  a  separate  one.  The  uppermost  is  concave, 
id  about  9  ft.  10  in.  diam. ;  the  next,  convex,  and  12  ft  diam ;  the 
west,  on  a  separate  shaft,  is  also  convex  and  about  14  ft.  9  in.  diam. 

The  Laurenberg  works,*  on  the  Lahn,  Nassau,  treat  a  very  mixed 
■e — galena,  blende  (the  black  variety  predominates  over  all  other 
•es),  spathic  iron  ore,  grey  copper,  copper  pyrites  and  a  small  amount 
'  iron  pyrites.  Culling  is  done  dry  and  on  the  ground,  three  classes 
jing  selected :  blendiferous,  ealeniferous  and  spathic  ores  (i.e.  those 
intaining  a  large  amount  of  siderite),  and  each  kind  is  subsequently 
eated  separately  in  the  concentrator.  The  ore  selected  is  run  down 
I  cars  by  gravity  to  top  of  concentrator  building.  The  wash  dirt  is 
slivered  to  a  screen  with  holes,  35  mm.,  16  mm.,  and  8  mm.,  and  the 
Arsest  is  delivered  to  and  picked  on  a  round  culling  table,  while  the 
>  mm.  and  8  mm.  go  to  the  3-  or  4-oompartment  jigs.  They  are 
iven  by  eccentrics,  and  discharge  through  vents  on  one  side  of  the 
TL  (the  newest  style  have  no  vents).  Fine  sand  jigs  of  the  usual 
rm  are  used,  and  rotary  and  Rittinger  tables.  The  latter  do  not 
ve  satisfEiction,  while  the  rotary  tables,  with  the  modifications  made 
♦  J.  W.  Meier,  En.  and  Min.  Jl. 
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by  Sohranz,  the  mill  saperintendent,  are  doing  welL  One  of  diese 
modificatioDB  is  to  run  the  pulp  on  to  the  table  at  two  points,  and  to 
finish  washing  when  the  ore  has  travelled  half-way  round.  The  table 
thus  does  double  the  amount  of  work.  Another  modification  is  to 
have  sprinklers  delivering  water  in  a  very  thin  sheet.  To  a  Itfge 
sprinkler  pipe  is  attached  a  sheet-iron  skid,  against  which  the  water 
is  thrown  from  numerous  nozzles,  and  runs  down  from  it  on  to  tk 
surface  of  the  table  in  a  thin  sheet.  The  rotaries  have  a  covering  of  hard 
cement  2  in.  thick,  held  around  the  periphery  by  a  wrought-ironband. 
The  floor  on  which  this  cement  is  laid  has  iron  beams  to  sapport  it 
These  tables  furnish  clean  lead  and  clean  blende.  Salzburg  tables  are 
used  very  extensively.  They  produce  clean  galena,  and  blende  witi 
only  2-3  per  cent.  lead.  For  crushing  wash  dirt  and  middlings  the 
mill  has  a  modification  of  the  Blake  crusher  invented  by  Schrau, 
rolls,  and  Schranz  mills.  The  total  output  of  the  works  per  month  L« 
606  tons  (2000  lb.),  blende  with  38  per  cent,  zinc,  and  165  tons  galeni 
with  66-75  per  cent,  lead,  and  containing  on  an  average  32  os.  silver 
per  ton.  Tailings  of  this  mill  at  present  carry  '3- '4  per  cent  le»d 
and  7  per  cent,  blende ;  the  work  may  therefore  be  called  very  good 
At  the  Werlau  mill*  in  the  same  district,  the  ores  are  argentiferoos 
galena,  blende,  copper  pyrites,  iron  pyrites  and  siderite,  but  no  grey 
copper ;  the  gangue  is  quartzose  and  slaty.  The  coarse  ore  is  delivered 
to  a  Blake  crusher.  The  screen  has  large  square  holes  in  the  bottom; 
a  sprinkling  pipe  supplies  water,  and  the  ore  falls  through  on  to  a 
culling  table,  where  tbe  crushed  ore  is  also  delivered.  Culling  is  dosi? 
by  2  boys,  who  throw  the  waste  into  a  central  opening,  and  pnt  dean 
blende  and  galena  into  boxes ;  a  scraper  deflects  all  the  remaining  ore 
into  a  large  screen,  with  holes  of  several  sizes  (3,  8,  and  14  mm.),atti 
the  rejections  over  14  mm.  diam.  pass  to  a  second  culling  table,  attwideJ 
by  6  or  more  boys,  at  9cJ.  a  day.  A  scraper  clears  this  revolving  taUe, 
and  passes  the  ore  to  rolls,  whence  it  goes  to  a  long  screen  wiih  8, 4, 
5,  and  6  mm.  holes.  Eejections  pass  to  other  rolls,  until  evoythii^ 
traverses  3  mm.,  when  it  goes  to  pyramidal  boxes.  All  the  jigs  dit- 
charge  through  the  bed  (punched  boiler  plates  or  sheet  iron,  witii 
square  holes  2  mm.  larger  than  the  ore  being  jigged),  by  wbidiiti* 
said  the  beds  never  foul,  and  more  rapid  and  clear  discharge  is  aecorai 
There  has  always  been  difficulty  in  getting  clean  blende  fitom  thf 
slimes.  The  most  recent  apparatus  employed  consists  of  Lnhii| 
vanners  and  Salzburg  tables.  The  blende  from  the  Ltihrig  is  ncrtfre? 
from  galena  and  pyrite,  nor  are  tbe  tailings  clean.  The  blende  firoo 
the  firbt  Ltihrig  passes  to  a  novel  feeder,  consisting  of  a  wooden  cooicil 
basin,  which  receives  a  slow  revolving  motion  from  bevel  wheels  vA 
pulley  placed  below  it ;  a  box  hangs  suspended  over  the  cone,  ai^ 
receives  the  pulp,  while  water  is  added  from  a  pipe.  The  reTolvitC 
cone  carries  with  it  the  required  amount  of  pulp,  which  passes  throBgi 
an  opening  to  the  distiibuting  apron  of  a  second  Ltihrig.  The  taihop 
from  this  go  to  Salzburg  tables,  of  which  there  are  4  in  the  ©ii^ 
Each  of  these  has  a  wooden  or  iron  hopper,  into  which  pi^P  ® 
shovelled ;  sufficient  water  is  added  from  a  pipe,  and  the  pnlp  ii  "^ 
by  a  screw  conveyor.  The  Salzburg  tables  work  in  two  paiis:  tb 
*  J.  W.  Meier,  En.  and  Min.  JL 
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irst  treats  certain  sands  carrying  lead — ^they  are  first  washed  for  a 
^hile  on  one  of  the  tables,  then  the  table  is  shovelled  off  and  the  upper 
x>rtion  is  worked  a  second  time  on  Salzburgs,  while  the  lower  portion 
^oee  to  stamps  and  thence  to  sandjigs.  The  other  pair  of  Salzbnrgs 
8  nsed  for  the  washing  of  middlings  from  the  second  Ltlhrig.  There 
8  one  difficulty  which  may  interfere  with  successful  treatment — i.  e. 
he  middlings  running  off  the  lower  edge  of  the  first  vanner  are  very 
iqnid,  and  if  the  sprioklers  on  the  second  vanner  add  much  more 
v^ater,  there  will  be  an  excess,  the  cloth  will  be  washed  clean,  and  no 
oncentrates  will  remain.  This  new  concentrator  saves  largely  in 
abour  and  faeL  The  old  Werlau  concentrator  in  24  hours  cleaned 
^0,000  kilos  of  wash  dirt,  employing  90  labourers  and  burning 
i8,000  kilos  of  coal.  The  present  cleans  40,000  kilos  in  10  hours, 
nrith  45  labourers  and  1600  kilos  of  coal.  The  tailings  are  lean; 
x>arser  sizes  carry  at  most  2  per  cent,  zinc  and  a  fraction  of  1  per  cent. 
ead  oxide.  The  assays  of  tailings  from  slimes  could  not  be  obtained, 
rhe  wash  dirt  carried  9*26  per  cent,  galena  and  18*96  per  cent. 
>lende.  Concentrates  have  64-^5  per  cent,  lead  oxide,  41-42  per  cent, 
dnc,  and  11  oz.  silver. 

The  dressing  miU  at  the  Arranyes  mine,  near  Linares,  Spain,  has 
ately  been  completely  equipped  by  the  Humboldt  Engineering 
i¥orks,  at  Ealk,  near  Cologne,  to  treat  500  tons  galena,  containing 
M)  per  cent,  lead,  per  day  of  10  hours.  The  proper  utilisation  of  the 
latural  situation,  the  efficient  and  thorough  dressing  of  the  medium 
products,  and  the  careful  treatment  of  the  slimes,  have  contributed 
materially  to  make  this  an  exemplary  ore-dressing  mill.  The  plant 
is  arranged  stepwise  in  4  departments.  In  the  first  department, 
irhich  consists  of  the  picking  shed  and  first  washery,  all  the  crude 
3re,  that  is  50  tons  per  hour,  is  tipped  into  4  masonry  bins,  whence 
rt  dides  on  to  grids  with  80  mm.  square  holes,  one  to  each  bin,  which 
lerve  at  the  same  time  as  picking  tables.  On  the  4  picking  tables, 
the  crude  ore  is  separated  into  pure  lead  ore,  steriles  (gangue),  and 
ODedium  products.  The  small  ore,  under  80  mm.,  which  falls  through 
the  picking  tables,  descends  into  the  lower  part  of  department  1,  and 
b  classified  in  2  systems  of  trommels,  consisting  each  of  4  trommels, 
and,  except  the  fine  grains  below  4  mm.,  is  then  enriched  in  16  jiggers. 
The  medium  products  or  middlings  from  the  picking  tables  and  from 
the  jiggers  are  forwarded  to  department  2  to  be  dressed,  the  former 
being  lowered  by  means  of  brake  platforms  to  the  lower  level.  The 
wash  water  of  the  jiggers  in  department  1  is  allowed  to  settle  in  pits 
on  the  same  floor,  and  then  forced  back  by  a  centrifugal  pump.  This 
department  is  driven  by  a  separate  condensing  engine.  In  depart- 
ment 2  the  following  machinery  is  erected: — 2  stone  breakers, 
2  classifying  trommels,  2  roller  crushers,  2  revolving  picking  tables. 
The  middlings  from  department  1  are  first  broken  in  the  stone 
breakers,  the  product  then  passes  the  classifying  trommels,  the  large 
pieced  are  sorted  on  the  picking  tables,  from  which  the  poor  passes 
to  the  roller  crushers.  The  reduced  product  passes  on  to  depart- 
ment 8,  where  it  is  classified  in  two  sets  of  4  trommels  each,  and  then 
enriched  in  the  16  fine  jiggers.  Together  with  the  reduced  product, 
the  grains  below  4  mm.  from  the  trommels  in  department  1  are  passed 
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through  these  trommels  in  department  3.  The  water  fW»m  the  15 
jiggers  is  olaiified  in  settling  pits  on  the  same  level,  and  pnmpeil 
back.  The  middlings  fr«>m  the  fine  jiggers  are  pasned  on  to  finerolkr 
crushers,  and  the  reduced  product,  after  passing  the  guarantee  troni- 
mels  (one  to  each  crusher),  reaches  department  4,  the  slime  wasbery, 
to  which  the  finest  grains  from  the  trommels  of  departm^:it  8  aba 
slide.  Department  4  contains  :—  1  classifying  apparatus,  1  pyiamidil 
box,  4  slime  jiggers,  and  4  Linkenbach  tables  or  rotary  buddies,  6  sad 
7  m.  diam.  respectively.  The  coarse  grains  from  the  classifier  an 
conveyed  to  the  slime  jiggers,  and  the  thickened  slimes  from  tiia 
pyramidal  boxes  run  on  to  the  buddies.  The  three  lower  departuMnti 
are  driven  by  a  horizontal  compound  condensing  engine,  and  steam 
for  the  whole  mill  is  supplied  by  3  Lancashire  boilers  on  the  k^ 
of  de(>art;ment  2.  The  pumps  for  elevating  the  clarified  wash  water 
in  the  various  departments  are  centrifugal  pumps  or  piston  pompi, 
according  to  the  height  to  which  the  water  has  to  be  lified. 

The  extensive  dressing  works  at  Neuhof,  near  Beuthen,  Germaoyi 
are  also  constructed  by  the  Humboldt  Company. 

A  detailed  and  illustrated  description  of  the  galena  and  blende 
dressing  works  at  Sentein,  in  the  Pyrenees,  fitted  by  George  Ore^i, 
Aberystwith,  will  be  found  in  the  author's  '  Mining  Machinery/ 
p.  884. 

In  Missouri  and  Kansas,*  the  ore  is  found  in  many  different  fanu 
and  with  a  number  of  gangues,  such  as  chert,  limestone,  calcite,  iroo 
pyrites,  and  mud  sediment.  Here  a  5-sieve  jig  is  used  to  advantage 
when  the  gangue  is  heavy,  such  as  black  chert  or  baryta. 

The  dressing  works  of  the  St.  Joseph  Lead  Co.,  at  Bonne  Terr&,t 
Missouri,  have  a  capacity  of  500  tons  a  day.  The  mineral  yields  cm 
an  average  about  7  per  cent,  non-argentiferous  galena,  and  1  per  cent 
or  more  of  cobalt  and  nickel-bearinc^  pyrites ;  the  gangue  is  magnesian 
limestone.  The  ore  is  crushed  by  jaw-crushers  and  rolls,  and  screened 
dry  through  a  6  mm.  screen.  The  sands  passing  through  the  screeo 
are  thoroughly  mixed  with  water,  elevated  by  centrifugal  pumps  to 
distributors,  and  divided  among  Parsons  jigs,  without  any  previons 
sizing  or  classification.  The  tails  ("  chats  ")  after  passing  over  the  two 
sieves  of  these  jigs  receive  no  further  treatment,  and  are  conveyed  by 
launders  to  the  '^  chat-tanks."  Coarse  galena  and  raggings  aie 
skimmed  by  hand  from  the  jigs  at  intervals,  leaving  always  a  svdfficiait 
bed  to  ensure  good  hutchwork.  The  hutch  work  which  comes  throagii 
the  sieves  of  the  Parsons  jigs  passes  through  a  series  of  pyramid 
boxes.  The  heavy  galena,  mixed  with  some  sand  and  slime,  settles 
in  the  first  box  of  the  series,  from  which  it  is  fed  to  a  tmnking' 
machine.  The  pure  galena  from  this  machine  falls  into  nulroad  can 
and  goes  to  the  smelting-works.  The  tails  from  the  trunking-madiine, 
together  with  the  sands  settling  in  the  second  box,  are  elevated  liy 
centrifugal  pumps  and  divided  between  Harz  8Hsieved  jigs.  The 
tails  of  the  Harz  jigs  receive  no  further  treatment,  going  directly  ^ 
the  chat-tanks.  Galena  and  pyrites  are  skimmed  from  the  sieves  of 
these  jigs ;  a  bed  of  galena  is,  hoi^ver,  maintained  on  all,  so  as  to 

♦  G.  T.  Cooley,  En.  and  Min.  Jl. 

t  H.  S.  Monroe,  Trans.  Amer.  Inst  Bfin.  Engs.,  1888,  p.  659. 
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ensure  a  rich  hutchwork.  The  hutchwork  of  these  finishing-jigs  is 
nearlj  pnre  galena,  and  goes  to  galena-boxes  on  the  lower  floor,  which 
are  emptied  from  time  to  time,  and  the  galena  is  loaded  on  cars  to  go 
to  the  smelting-works.  Tho  fine  slimes  settling  in  the  third  and 
fourth  boxes  are  nnited  and  raised  by  centrifugal  pumps  to  the  dis- 
tributors feeding  the  first  row  of  Parsons-Rittinger  tables.  The 
middlings  fk>m  these  tables  are  treated  on  the  second  row  of  tables. 
The  tails  from  all  the  tables  flow  into  the  chat-tanks,  and  the  heads 
run  into  galena-boxes  on  the  lower  floor  from  which  they  are  loaded 
into  cars.  The  raggings,  containing  12-20  per  cent,  lead,  which  are 
ddmmed  from  the  Parsons  jigs,  are  recrushed  by  fine  rolls,  and  elevated 
without  screening  to  a  line  of  Harz  3Hsieved  jigs.  These  raggings 
contain  considerable  pyrites. 

The  mill  is  a  two-storey  structure.  On  the  main  floor  are  the  ore- 
bins,  roughing-jigs,  finislung-jigs,  and  tables.  There  is  nothing  to 
intercept  the  light  fedling  on  tiie  jigs  and  tables,  and  the  roof  is  a 
mere  umbrella  of  corrugated  iron,  with  light  iron  trusses,  and  sup- 
ported on  slender  columns.  The  arrangement  in  two  floors  is  unusual, 
but  permissible  under  the  conditions,  as,  after  passing  over  the 
roughing-jigs,  600  tons  of  waste  sand  go  at  once  to  the  chat-tanks. 
Of  the  remaining  200  tons,  74  tons  are  mineral  and  raggings,  and 
20  tons  escape  with  the  overflow  of  the  boxes,  leaving  only  106  tons 
to  be  elevated  again.  The  average  lift  is  less  than  30  ft.  If  the  mill 
had  been  arranged  in  steps,  it  would  have  been  necessary  to  deliver 
the  ore  at  a  level  40  ft.  higher,  involving  a  much  more  expensive 
building,  and  increased  cost  of  hoisting  the  whole  800  tons,  to  save 
tibe  elevating  of  106  tons  a  second  time ;  moreover,  both  the  wash- 
water  and  feed-water  for  the  different  machines  would  have  to  be 
laised  about  20  ft.  higher,  and  as  29  tons  of  water  are  required  to 
treat  1  ton  of  ore,  this  additional  lift  would  be  a  serious  matter.  In 
round  numbers,  the  saving  amounts  to  over  20  h.p.  Of  the  ore  coming 
from  the  mine,  nearly  40  per  cent,  is  as  fine  as  if  it  had  passed  through 
the  jaw-crushers,  15*5  per  cent,  is  as  fine  as  though  it  had  passed 
through  the  rollis,  and  8  per  cent,  is  fine  enough  for  the  jigs.  This 
latter  portion  is  very  rich,  carrying  over  20  per  cent.  lead.  The  dis- 
tribution of  sands  or  slimes  is  performed  by  a  feeder  divided  by 
partitions  into  a  number  of  radial  boxes,  ensuring  uniformitv.  Sands 
end  sUmes  are  treated  together  on  the  same  jigs,  and  though  the  loss 
of  galena  in  the  very  finest  slimes  is  large,  yet  the  method  has 
advantages,  notably  in  allowing  very  much  finer  material  (^  mm.  and 
less)  to  be  treated  sucoessfuUy,  and  in  the  large  proportion  of  sands 
finally  disposed  of  by  the  roughing  jigs  alone.  Thus,  out  of  800  tons 
h  day,  only  136  tons  require  further  treatment — ^viz.  30  tons  raggings, 
cm^ed  and  treated  on  the  3-sieve  jigs ;  66  tons  fine  sand,  also  treated 
on  3-«ieve  jigs ;  and  40  tons  slimes,  treated  on  side-bump  tables.  The 
disadvantage  lies  in  the  difficulty  of  forcing  all  the  very  finest  slimes 
to  go  through  the  jig-sieves.  The  material  treated  on  the  finishing- 
jigs  is  very  rich,  containing  about  25  per  cent,  lead,  and  the  losses  are 
;nite  lai^;  it  is  also  very  fine,  over  90  per  cent,  being  less  than 
mm. ;  the  losses  are  confined  to  the  stuff  below  ^  mm.  For  the 
year  ending  May  1,  1887,  the  yield  of  the  ore  treal^  was  5-65  per 
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cent;  tbe  loss  in  tailings,  about  2*13  per  cent.,  or  27*4  per  cent  of 
the  total  in  the  ore ;  and  the  cost,  1«.  6^.  a  ton,  abont  \  being  for 
labonr  and  \  for  fuel 

Smeliing. — While  the  metallurgy  of  lead  may  be  said  to  consist 
simply  in  reducing  the  metal  from  its  ores,  the  reactions  which  take 
place  in  the  operation  are  most  complex,  and  probably  not  yet  com- 
pletely understood.  Besides  the  usual  text-books  the  student  will  do 
well  to  consult  a  recent  paper  by  J.  B.  Hannay.*  PracticaUy  all 
methods  hitherto  successful  rely  on  roasting  or  calcining  (to  remore 
sulphur)  and  smelting.  The  ores  arrive  at  the  smelter  more  or  less 
*'  dressed,"  and  the  proportion  of  lead  in  the  ore  varies  from  a  vexv 
low  figure  in  some  richly  argentiferous  ores  (smelted  more  for  tbsis 
silver  than  their  lead)  to  80  per  cent,  or  more.  The  foreign  substasov 
present  in  different  proportions  are  chiefly  antimony,  arsenic,  coppib 
gold,  iron,  silver,  sulphur,  and  zinc.  The  characters  (chemical  aai 
physical)  of  the  ore,  and  cost  and  kind  of  fuel  and  fluxes,  prindpally 
determine  the  method  followed. 

Beverberatory  furnace  practice  may  be  conveniently  dealt  with 
first. 

In  England,  the  so-called  Flintshire  method,  adopted  in  Wales, 
Yorkshire,  Shropshire,  and  Derbyshire,  employs  a  furnace  such  « 
shown  in  Fig.  147.  On  each  side  are  3  openings,  capable  of  being 
closed  by  iron  doors ;  those  on  one  side  a  are  used  by  the  workman 
for  manipulating  the  charge.  The  central  opening  o  on  the  other 
side  has  an  iron  pot  c  outside  it,  into  which  the  lead  ia  tapped  off 
when  the  operation  is  completed.  The  remaining  two  openings  d  are 
used  fer  removing  slag.  The  charge  is  introduced  by  a  hopper  in 
the  crown.  Under  the  whole  length  of  the  furnace  runs  an  ardied 
brick  vault,  open  to  the  air  at  .both  ends,  and  supporting  the  working 
bed  proper.  This  is  formed  of  "  grey  slag  "  from  a  previous  operation, 
broken  small,  and  fed  into  the  furnace  when  the  latter  is  at  rod  heat; 
it  melts  and  forms  a  pasty  mass,  which  is  spread  in  a  layer  &-18  in. 
thick,  hollowed  in  the  middle  towards  the  tap-hole  6,  and  allowed  to 
solidify,  about  5  tons  of  slae  being  required.  The  fireplace  e  is  at  one 
end,  and  has  an  ash-pit  which  contains  water ;  the  flue  openings  /  at 
the  opposite  end  communicate  with  the  shaft  g.  The  charge  of  ore» 
usually  21  cwt,  is  introduced  by  the  hopper  and  spread  over  the 
floor,  care  being  taken,  however,  that  none  of  it  shall  lie  on  the  most 
depressed  part  near  the  tap  hole.  The  process  of  the  smelting  maj 
be  described  as  having  two  stages,  the  first  being  calcination  of  the 
ore,  and  the  second  the  melting  down  and  reduction  of  the  metaL 
During  the  first  stage,  which  lasts  about  1^  hours,  the  doors  are  left 
open,  or  are  only  partially  closed,  so  as  to  allow  of  access  of  a  sufficiency 
of  air,  and  the  heat  is  regulated  by  keeping  down  the  damper  con- 
siderably. During  the  whole  process  of  calcination  a  workman 
repeatedly  rabbles  or  turns  over  the  charge  so  as  to  expose  all  parts  of 
it  to  the  action  of  the  air  and  heat.  The  doors  fturthest  from  the 
furnace  are  then  closed,  and  the  fire  is  urged  so  as  to  bring  about  the 
commencement  of  the  second  stage  of -the  operation,  when  rednetiai 
begins  to  take  place,  and  lead  to  trickle  dovm  into  the  welL  At  the 
•  *•  MetaUnrgy  of  Lead,"  Tiana,  Inet  Min.  and  Met,  m.  17L 
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expiration  of  abont  2  hoars  the  doors  are  all  closed,  the  damper  is 
fully  raised,  and  the  whole  charge  is  melted  down  into  the  well,  which 
then  contains  lead  at  the  bottom  and  slag  at  the  top.  A  sbovelfal  of 
lime  is  throwrn  npon  this  and  mixed  with  the  slag,  with  the  object,  it 
«  said,  of  thickening  it,  and  the  slag  is  with  any  unrednced  portions 
)f  ore  pushed  back  on  to  the  bed  of  the  furnace  and  remelted.  Wben 
t  has  all  run  down,  more  lime  is  added,  and  the  thickened  slag  is 
igain  poshed  back  to  drain  the  lead  ont    The  lead  is  then  tapped 


Fio.  147. — FLnrrsmsB  Fubnace. 


Fio.  148.— Mkxioan  Sbrpenton. 


hrongh  a  hole  made  by  driving  an  iron  bar  into  the  well  through 
be  day  stopping  in  6.  The  slag,  known  as  ''  grey  slag,*'  is  then  raked 
int.  The  time  occupied  in  working  off  a  charge  is  about  5  hours, 
gnited  coal  with  slack  is  thrown  upon  the  surface  of  the  lead  in  the 
)ot,  and  subsequently  skimmed  off  with  the  scorias  and  thrown  bcM^k 
nto  the  furnace  for  more  lead  to  sweat  out. 

The  Derbyshire  ore  carries  much  barytes,  which  necessitates  the 
addition  of  fluorspar  or  calcspar.  The  slag  in  that  case  (called  "  run 
lag  ")  is  chiefly  tapped  off  before  the  lead,  for  which  purpose  the 
nmace  is  provided  with  two  tap-holes  instead  of  one. 

The  Cornish  method  requires  two  reverberatory  furnaces.  The 
irst,  with  a  flat  floor,  is  used  for  calcining  the  ore,  which,  after  cal- 
ination  with  the  addition  of  a  little  lime  to  prevent  clotting  in  the 
arly  stage,  is  drawn  out  and  introduced  into  what  is  termed  a  "  flow- 
Qg  furnace."  This  is  a  reverberatory  furnace  similar  to  that  used  in 
he  Flintshire  process,  hut  the  charge,  mixed  with  culm  (small  an- 
hracite)  is  introduced  not  by  a  hopper  in  the  roof,  but  through  the 
oors  opposite  the  tap-hole.  The  cnarge  is  at  once  melted  down  with 
losed  doors  and  strong  heat.  At  a  certain  stage  of  the  smelting, 
per  cent,  scrap  iron  is  introduced  into  the  well  of  the  furnace.  The 
Tcducts,  which  are  all  run  at  one  time  from  the  tap-hole,  are  first 
904^  theu  a  regulus  or  matte  (consisting  chiefly  of  iron  protosulphide, 
>ut  .ntaining  other  metals  such  as  copper  or  silver  present  in  the 
re),  and  lastly  a  slag  which  contains  only  1-lJ^  per  cent,  lead,  and 
I  thrown  away.  This  method  is  used  on  ore  yielding  60-70  per  cent, 
^ad,  composed  of  galena,  blende,  spathic  iron,  grey  and  black  copper 
res.  quartz  and  fluorspar. 

The  derpehUm  of  the  Sierra  Mojada,  Mexico,*  is  a  reverberatory 
timaoe,  built  of  adobe,  with  a  stone  lining  to  the  chimney  and  the 
iclined  part  of  the  hearth.     The  fire-box  a  (Fig.  148)  is  3  ft.  long 

*  R.  E.  Ghism,  Trans.  Amer.  Inst  Min.  Engs.,  xv.  560. 
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and  1^  ft  wide,  Tanlted  over,  and  at  the  inner  end  has  a  fire-bndge  b 
about  1  ft.  high.  The  badn  e  is  about  36  X  18  in.,  lined  with  x»- 
fractory  day  and  well  fettled  with  slag,  the  lowest  point  being  besidB 
the  tap-hole  cL  Behind  the  basin,  and  doping  upwards  at  about  l(f  ,  ii 
the  hearth  e,  12  ft.  long  by  18  in.  sq.  section,  floored  and  partial^ 
lined  with  refractory  stone;  it  opens  directly  into  chimney J^  whico 
rises  16  ft.  above  iLe  highest  part  of  the  hearth  e.  The  oharging 
door  g  has  the  same  sectional  area  as  the  hearth ;  the  latter  is  axdied 
over  in  its  entire  length,  and  is  provided  with  working  doors  A  about 
8  in.  square  at  intervals.  The  charge  is  10  arrobas  ore  with  1  d 
litharge  and  3  of  lead  scum  from  the  remelting  furnace,  thrown  is 
at  ^,  each  shovelful  of  diarge  being  mixed  with  4  shovelsfVil  of  diar- 
coal  dust.  Metallic  lead  and  litharge  are  soon  formed,  malring  a  skg 
with  the  small  amount  of  silica  present,  and  forming  a  crust  on  tof 
of  the  ore  layer.  This  being  the  case,  the  charge  is  skimmed,  tfai 
crust  being  moved  downward  on  the  hearth  towards  the  fire-box  ii 
fragments,  while  the  under  portion  of  the  charge  is  rabbled,  so  as  U 
be  better  exposed  to  the  action  of  heat.  These  operations  are  repeat«>^ 
in  succession,  fresh  ore  being  charged  whenever  neoessary,  and  ihi 
former  charge  being  moved  downward  until,  in  3-4  hours  aftd 
cbareing,  the  basin  is  full  of  melted  lead,  on  top  of  which  floats  i 
highly  basic  slag,  only  made  fusible  by  the  large  quantity  of  lea^ 
(sometimes  35  per  cent)  which  it  contains.  The  lead  is  run  off  froii 
time  to  time  into  a  basin  or  receptacle  dug  in  the  ground  at  the  vl^ 
of  the  furnace,  and  cools  into  ruae  slabs.  The  furnace  lining  is  ooo^ 
tinually  used  up  to  provide  silica  for  the  slag.  The  slabs  need  le 
melting  and  moulding.  The  cost  is  stated  *  at  28«.  a  ton.  The  prc^ 
duct  is  an  excellent  lead,  carrying  over  90  oz.  silver  to  the  toi^ 
The  slags  carry  30  per  cent,  lead,  the  object  being  a  large  saving  o 
silver  at  lowest  cost  for  reducing  and  cupelling  the  lead. 

The  Carintbian  reverberatory  for  galena  slunes  is  10  f^.  long,  5  ft 
wide,  and  contracts  towards  one  end,  sloping  also  uniformly  in  tb^ 
same  direction,  and  ending  in  a  narrow  gutter  which  conducts  tb 
reduced  metal  to  a  well  just  inside.  The  fireplace  runs  parallel  to  tfai 
longer  axis,  and  is  provided  with  air  holes;  the  grate  is  of  stone,  il 
for  wood  fuel,  and  of  iron  bars  if  for  brown  coaL  The  hearth  bed  » 
6  in.  thick,  made  of  a  mixture  of  fireclay,  old  beds,  poor  slimes,  ant 
slags,  all  fused  into  a  mass.  The  complete  treatment  of  about  750  lb 
of  ore  occupies  21  hours;  about  11  cub.  ft.  of  wood  are  burned  p« 
cwt.  of  charge ;  and  2\  per  cent,  lead  is  lost.  Blast  furnaces  are  sup 
planting  this  method. 

A  great  variety  of  ores  are  smelted  at  Freiberg,  mostly  in  th( 
form  of  slimes,  and  containing  (a)  galena  mixed  with  arsenical  aD<| 
iron  pyrites,  blende,  calcspar,  bary tee,  quartz,  and  brownspar ;  (ft)  ala 
a  Kilver  ore  carrying  much  eartny  matter  and  a  little  pyrites  anj 
galena ;  (c)  and  a  copper  ore  carrying  silver ;  (d)  as  w^  as  a  fluxing 
ore  giving  pyrites,  biendo.  calcspar,  galena,  copper,  and  *03  per  cent 
silver.  The  galena  a  is  divided  into  1st  and  2nd  classes,  aooording  »i 
it  does  or  does  not  carry  30  per  cent.  lead.  The  preliniinary  step  ii 
roasting  in  the  reverberatory  (Fig.  149)  in  which  the  flames  pass  fivH 
♦  J.  N.  JudsoD,  op.  dt.,  XV.  587. 
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be  fireplace  a  over  the  lower  bed  6,  up  to  and  oyer  the  upper  b^  e, 
nd  carry  the  snlphurous  acid  through  the  flue  d  to  a  condenser.  The 
barge,  conaieting  of  50  per  cent  Ist  class  a,  30  per  cent.  2nd  class  a, 
nd  20  per  cent.  6  or  e,  is  introduced  on  to  the  upper  bed  and  gradu- 
lly  poshed  towards  a  hole  communicating  with  the  lower  bed, 
brough  which  it  falls,  and  is  raked  forward ;  it  is  thus  exposed  to 
iradually  increasing  heat  till  fusion  is  reached.  The  charge  is  re- 
ewed  continuously  at  each  move  forward,  1  ton  of  ore  requiring  8-16 
ours.  The  metals  are  mostly  oxidised,  but  4  per  cent,  sulphur  re- 
lains.  The  roasted  and  agglutinated  ore  is  smelted  with  5  per  cent. 
Ime  and  some  roasted  matter  in  a  blast  furnace ;  and  the  regulus  is 
oasted  and  resmelted  seyeral  times  till  rich  enough  in  copper  for 
pecial  extraction  of  that  metal.  Lead  slags,  and  poor  dry  ores,  are 
melted  in  other  reverberatories  (Fig.  150) ;  charges  of  20  cwt.  lead 
lags,  5  cwt.  raw  ore,  5  cwt.  roasted  ore,  and  2  cwt.  quartz,  are  intro- 


FiG0.  149,  150. — Frbibebo  Reverberatories. 

Inced  by  the  movable  hopper  a,  and  uniformly  spread  over  the 
learth  6,  making  the  layer  somewhat  hij^her  near  the  fire-bridge  c. 
Imelting  is  conducted  without  air  for  about  3  hours,  when  the  almost 
luid  mass  is  stirred  and  exposed  for  20  minutes  to  a  still  higher  tem- 
leratore,  after  which  the  slag  is  drawn  off.  When  2  or  3  charges 
lave  been  smelted,  the  regulus  is  tapped  off  into  moulds  and  cooled, 
nd  finally  smelted  again  in  a  Pilz  furnace. 

At  Clausthal  the  preliminary  calcining  to  remove  sulphur  used  to 
e  done  by  piling  ore  and  pine  logs  in  heaps,  igniting,  and  leaving 
hem  to  bum  for  3  or  4  weeks,  after  the  manner  of  the  tdera  at  Rio 
Pinto  (see  p.  431).  The  oxides  and  sulphates  thus  formed  are  after- 
rards  smelted  in  blast  furnaces.  Pile  roasting  has  also  been  common 
n  Utah,  using  the  lighter  woods  (pinon  pine  gives  too  much  heat),  at 
I  cost  of  2b,  6d.  a  t(m  for  raw  ore,  and  9«.  a  ton  for  matte.*  At  Las 
Trojes,  too,  Michoacan,  Mexico,  the  highly  pyritic  ore  is  calcined  in 
jpen  heaps  called  ealeraa^  but  the  operation  is  only  partially  por- 
brmed  in  wet  or  windy  weather,  and  occupies  a  long  time,  so  that 
ttalls  are  coming  into  favour  as  a  substitute,  notably  on  account  of 
he  reduced  loss  of  silver. 

In  France,  highly  silicious  ores  are  roasted  in  a  reverberatory  like 

•  B.  H  Terhune,  *♦  Ore  and  Matte  Roaeting  in  Utah,"  Trans.  Amer.  Inst.  Miii. 
^gB.,  Jaly  1887. 
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the  Flintshire  fumaoe,  except  that  it  is  filled  to  the  level  of  thewoik- 
ing  doors  with  black  slag,  so  as  to  form  a  flat  hearth.  The  opentioD 
is  made  intermittent,  rabbling  taking  place  alternately  with  periods 
of  heating  with  closed  doors.  When  sufficient  sulphur  has  been  driTen 
off  (in  about  6  hours),  the  heat  is  forced  till  the  charge  runs  together, 
when  it  is  drawn  out  on  the  floor,  and  cooled  ready  for  smelting. 

In  the  south  of  France  an  effort  is  made  to  get  uniformity  is 
silver  contents  by  weighing  out  and  spreading  in  equal  layers,  one  c« 
top  of  the  other,  the  required  quantities  of  the  several  orw  and 
mattes  to  form  a  roasting  bed  of  about  20  tons,  and  this  stratified  bed 
is  cut  down  vertically  into  1  ton  charges  of  equal  oomposition.  If 
very  silicious,  a  little  coke  dust  is  added ;  the  matte  serves  as  flm. 
and  is  usually  about  10  per  cent,  of  tiie  whole.  The  furnaces  measore 
about  40  ft.  long  and  15  ft.  across  widest  part,  built  of  lava  or  stone. 
and  lined  with  tirebrick.  The  ore  is  dropped  from  a  hopper  at  tk 
farthest  end  from  the  fire  on  to  the  drying  bed,  where  it  is  stirred  fur 
6  hours ;  then  pushed  nearer  the  fire  for  another  6  hours,  and  fiiuilij 
raked  on  to  the  fluxing  bed,  next  the  fire,  and  a  few  inches  below  th<? 

level  of  the  other  two  beds. 
^  till  a  further  6  hours'  heatiii^ 

results  in  fusion,  when  it  s 
drawn.  The  work  is  m&de 
continuous  by  adding  a  frei^ 
charge  as  each  is  moved  od, 
and  thus  8  tons  are  roafctedl 
and  fluxed  in  24  hours  at » 
cost  of  2  tons  coaL  The  flm  | 
is  6  per  cent,  lime  and  7  ftr 
cent  iron  slags.  Pure  oreei 
are    treated    in    the   rerer- 

resting  on  iron  supporta  v^ 
formed  of  firebricks  on  edge,  with  the  usual  slag  covering.    TtA\ 
tap-hole  and  lead  well  are  placed  near  the  flue  end  to  reduce  1«« 
by  volatilisation.      The  aim  is  to  convert  about   one-half  the  wJ 
phide  into  sulphate  or  oxide  first,  and  then,  by  increasing  the  tea-' 
perature,  to  get  a  reaction  between  the  oxidised  and  unoridL^i 
portions,     a^he  furnace  being  red  hot,  the  charge  is  dropped  from  tkj 
hopper  and  evenly  spread  over  the  bottom.     The  heat  is  slowly  J 
creased,  and  air  is  freely  admitted  to  cause  oxidation.    Wheneverl 
crust  of  oxidised  material  forms  on  the  surface  of  the  charge,  a  d«| 
surface  is  exposed  by  rabbling.     r!in*lA«i  ai^  «o-^  #v.«  ^«v^  ;«  nrJ 
ference  to  coal  at  this  stage  of  th 
heat,  do  not  yield  any  gaseous  hy 
tion,  and  cost  less.     After  4-6  hoi 
desulphurised,  when  the  temperati 
to  the  fire,  and  the  second  stage  ( 
menced.    Care  has  to  be  taken  tha 
as  that  would  cause  loss  of  lead  bj? 
lime  is  thrown  on  the  mass  whenc 
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imd  is  thorongbly  worked  into  it.  Tlie  consumption  of  lime  in  this 
operation  amounts  to  about  2  per  cent,  of  the  charge.  The  reduced 
metal,  which  first  appears  in  globules  on  the  surface,  drains  down  the 
slope  of  the  hearth  into  the  lead  well.  After  about  3  hours  enough 
will  have  collected  to  justify  tapping.  The  lead  flows  into  a  pot  under 
which  a  fire  burns  to  keep  it  liquid.  The  dross  is  skimmed  off  and 
thrown  back  into  the  furnace.  Coal  dust,  cinders,  and  powdered  lime 
are  stirred  into  the  lead,  and  the  impurities  are  once  more  skimmed 
off,  when  the  lead  is  ladled  into  moulds.  When  as  much  lead  as 
possible  has  been  extracted  from  the  charge,  the  heat  is  increased  in 
order  to  Completely  oxidise  the  remaining  material,  but  not  sufficiently 
to  fuse  it.  After  this  object  has  been  attained,  the  pot  skimmings, 
oonsisting  chiefly  of  cinders  and  sulphides,  are  thrown  on  the  charge, 
when  a  further  yield  of  lead  is  tapped  off,  and  the  slags  are  raked  out 
through  a  door  at  the  back  of  the  furnace.  The  entire  process 
requires  about  5  hours.  Before  introducing  the  next  charge,  the 
famace  bottom  has  to  be  thoroughly  examined,  and,  if  necessary, 
repaired,  as  it  is  of  great  importance  to  keep  it  perfectly  smooth  and 
sloping  evenly  towards  the  tap-hole.  About  40  per  cent,  of  ooal  is 
required.  The  total  loss  amounts  to  about  3*5  per  cent.,  mainly 
caused  by  volatilisation,  but  a  considerable  portion  of  this  is  recovered 
from  the  flues  in  which  it  condenses.  The  slags  retain  about  20  per 
cent  of  the  original  amount  of  lead, 
and  are  resmelted  in  a  blast  fur- 
nace, when  the  greater  part  of  this 
is  also  recovered. 

The  Spanish  boZicAc  (Tig.  152)  as 
used  at  Linares,  is  built  of  rubble 
and  clay,  and  lined  throughout  with 
refractory  clay.  The  fireplace  a, 
5  ft.  6  in.*long  and  2  ft.  2  in.  wide, 
has  no  grate,  and  is  fed  with 
brushwood  by  the  door  6.  The 
hearth  c  measures  7^  by  6  ft,  and 

connects  by  flues  d.  with  a   ch<im-  Ym.  152.— Spanish  Bolichb. 

her  «,  which  is  regarded  as  highly 

important  in  controlling  the  draft,  and  certainly  serves  to  retain  some 
mechanically  suspended  mineral.  The  flue  /  leads  to  chimney  ^, 
about  30  ft.  high.  The  bottom  of  hearth  c  slopes  gently  towards  the 
working  door  A,  immediately  within  which  is  a  well  t  for  collecting 
the  molten  metal,  connectea  with  a  receptacle  Jc  outside.  The  charge 
is  thrown  into  the  furnace,  evenly  spread  on  the  hearth,  and  fre- 
quently rabbled  for  \\  hours,  during  calcination.  Then  the  tempera- 
ture is  raised  and  the  charge  is  smelted,  yielding  about  80  per  cent,  of 
tiie  metal  in  the  ore,  while  the  grey  slags  contain  40-50  per  cent  and 
are  resmelted  in  a  blast  furnace. 

A  sort  of  intermediate  between  the  reverberatory  and  the  blast 
furnace  is  the  ore  hearth  (Fig.  153).  It  affords  one  of  the  simplest 
lead  smelting  methods,  and  recommends  itself  by  its  small  consump- 
tion of  fuel,  quick  operation,  and  inexpensiveness  in  general,  as 
compared  with  the  reverberatory  and  blast  furnace  processes.    It  also 
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permitB  an  intermption  of  the  operation  at  any  stage  withoitt  great 
lo68  of  temperatore ;  and  peat  or  wood  may  be  used  as  fbel  where  ooal 
or  coke  is  not  obtainable. 

These  reasons  recommend  the  hearth  fomaoe  in  places  where 
another  kind  might  otherwise  be  nsed,  and  particularly  to  small 
smelting  establishments.  Very  pnre  galena  may  be  treated  direct  in 
the  hearth  furnace ;  impure  ores  have  generally  to  be  roasted  pre- 
Tionsly.  In  the  Scotch  hearth,  a  cold  blast  is  nsed ;  in  the  Americsa, 
a  saving  of  fael  is  effected  by  nsing  a  hot  one. 


Fio.  153.— Scotch  Obs  Hbabth. 

It  consists  of  an  oblong  cast-iron  tank  or  well  a,  abont  2  ft.  6  in. 
wide,  2  ft.  from  front  to  back,  and  1  ft.  deep,  capable  of  containing 
about  2  tons  oflead,  with  which  it  is  filled  to  the  brim,  the  snr&oeof 
the  lead  forming,  in  fact,  the  floor  of  the  hearth.  The  floor  thu 
formed  is  enclosed  at  the  sides  with  blocks  of  cast-iron,  and  another 
block  of  cast  iron  is  placed  behind,  and  is  perforated  for  the  pasBSge 
of  the  tuyer  h  that  conducts  the  blast  into  the  furnace  about  2  in.  above 
the  surface  of  the  lead  in  the  well.  A  shaft  of  brickwork  proceeds 
upwards  from  the  hearth  to  the  flue,  and  there  is  behind  it  a  Imnd  flue 
or  pit  into  which  the  "  hearth  ends,"  or  dusty  matter  which  oomes  off 
with  the  fume,  may  fall,  and  from  which  it  is  removed  as  requisite. 
The  front  opening  to  the  hearth  is  sometimes  provided  with  a  sliding 
shutter,  which  by  means  of  a  counterpoise  can  be  raised  or  let  down 
in  its  groove  so  as  nearly  to  close  in  the  front  of  the  hearth.  Extend- 
ing forwards  from  the  front  oif  the  hearth,  and  inclining  down waids  tt 
an  angle  from  it,  is  a  plate  of  iron  c  called  the  *'  forestone,"  in  which 
there  is  a  groove  <l,  that  leads  towards  an  iron  pot  e,  kept  hot  bj  t 
little  fire  beneath.  The  ore  is  fed  in  either  from  the  front  or  through 
a  hopper  at  the  side.  A  fire  of  coal  being  made  upon  the  hearth,  and 
heaped  up  chiefly  behind,  a  moderate  blast  is  put  on  and  Uie  oxe 
(sometimes  previously  calcined)  is  thrown  on,  and  if  there  be  a 
shutter  tiiis  is  put  down.  After  the  lapse  of  a  few  minutes,  the 
workman  introduces  a  poker  and  stirs  up  the  fuel  and  ore,  and  from 
time  to  time  repeats  the  above  process  with  fresh  small  quantities  of 
ore,  adding  fuel  as  it  appears  requisite.  At  intervals  of  a  few  minuteB 
he  raises  the  shutter  and  draws  forward  a  portion  of  the  charge  on  to 
the  forestone  and  picks  out  from  it  portions  of  **grey  slag"  whidi  he 
pushes  aside,  and  ultimately  throws  off  on  to  the  floor  of  the  workshop 
at  the  side  of  the  hearth.  As  the  lead  forms,  it  runs  into  the  well, 
\  overflows  alon^  the  channel  of  the  forestone  into  the  pot  e  set  to 
*ve  it,  from  which  it  is  ladled  into  the  moulds.    It  is  a  prooea 
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which  requires  constant  manipulation  of  the  charge,  two  workmen 
being  continnally  occupied  in  addii^  ore  or  fuel,  poking  np  the 
charge,  &c.,  at  intervals  of  a  few  minutes.  Lime  is  used,  as  in  the 
Flintehire  process,  to  thicken  the  slags. 

The&vonred  type  of  reverberatory  (or  "roaster") in  America*  is 
the  "  4-h6arth,'*  so  called  because  the  length  of  the  hearth  is  roughly 
4  times  its  width,  though  the  slope  may  he  continuous  from  end  to 
end,  and  no  step  may  mark  the  division  between  the  hearths.  To 
each  «*  hearth  **  belong  4  working  doors,  2  on  each  side,  generally 
opposite,  bnt  better  alternating.  A  furnace  with  4  heaiihs,  each 
14-1 6  ft.  square,  should  deiBd  with  8-10  tons  ore  a  day  if  only  roasting ; 
bnt  if  the  charge  has  to  be  fused  or  slagged  in  addition,  the  qnantity 
will  not  exceed  6  tons,  and  the  expense  is  proportionately  increased. 
The  fusion  hearth  is  nearly  circular  in  plan,  the  radius  being  10  ft.  8  in. 
From  the  last  calcining-hearth  to  the  bed  of  the  fusion-hearth  is  a  drop 
of  26  in.,  the  object  being  to  get  the  end  of  the  arched  roof  of  this 
portion  of  the  furnace  below  the  level  of  the  calcining-hearths,  so  as 
to  ensure  the  flames  being  completely  reflected  upon  the  mass  under- 
going fusion,  before  being  spread  over  the  wider  calcining  hearths 
beyond.  The  vaults  beneatn  the  calcining  hearths  are  best  flUed 
solid,  and  should  be  used  as  dust  chambers  only  when  lack  of  space 
compels  it.  Under  the  fusion  hearth  an  air  space  is  necessary.  The 
object  of  fusion  is  to  obtain  a  slagged  mass  in  lumps  that  can  be 
hajidled,  and  will  help  to  keep  the  blast  furnace  open.  But  while  in 
simple  roasting  the  lead  loss  does  not  exceed  5  per  cent. — say  2  per 
cent,  on  a  40  per  cent  galena— in  fume,  half  of  which  should  be  re- 
covered, and  the  silver  loss  is  not  more  than  1  per  cent,  (unless  much 
chloride  is  present),  in  fusion,  on  the  contrary,  the  lead  loss  will  be 
15-20  per  cent,  and  the  silver  loss  3  per  cent,  under  ordinary  con- 
ditions. Hence  it  is  advisable  to  use  the  maximum  of  roasted  ore 
which  the  furnaces  will  bear,  and  to  fuse 
only  enough  to  keep  the  charge  open, 
■electing  ores  low  in  lead  and  fine  in  size, 
such  as  concentrates  from  gold  mills  and 
antimonial,  arsenical,  and  zinciferous 
parcels. 

The  Mexican  Jbmo  OGMfettano  f  or  up- 
right furnace  (Fig.  154)  is  an  exceedingly 
simple  structure,  being  little  more  than 
a  niche  in  an  adobe  wall,  more  or  less 

completely  lined  with  refractory  stone.      piQ.  154.— Msxican  Hobno 
It  is    always  of  approximately  square  Oastellano. 

section,  about  14  in.  on  each  side  at 

the  mouth,  and  tapers  gradually  from  the  mouth  to  the  tuyer-Ievel, 
where  the  section  is  about  12  in.  on  each  side.  It  is  about  3^  ft.  high, 
from  the  mouth  to  the  tap-hole.  The  single  tuyer  a,  about  1  in. 
diam.,  is  5-7  in.  above  the  tap-hole,  and  the  bottom  of  the  furnace  has 
a  slant  forward,  commencing  just  below  the  tuyer  and  ending  at  the 
tap-hole.    The  tap-hole  is  some  2^-3  ft.  above  the  floor  of  the  casting- 


♦  H.  F.  Collins,  **  Smelting  ProooBses/*  op.  cit. 
t  R.  £.  Chism,  op.  oit,  p.  555. 
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room,  and  a  sort  of  bench  of  stone  and  dirt,  witli  a  mde  iMflin  in  its 
centre,  is  formed  in  front  of  the  furnace,  to  reoeiye  the  molten  pco- 
ducts  and  give  them  a  chance  to  separate  before  going  farther.  When 
the  furnace  is  to  be  operated,  the  lower  fotirth  of  the  shaft  or  nidie  s 
dug  out  to  a  depth  of  3  in.,  lined  with  refracUny  clay  mixed  with 
charcoal-dost,  and  well  rammed.  The  bottom  is  made  of  the  same 
material,  and  the  fonrth  or  open  side  of  the  niche  is  dosed  np  from 
top  to  bottom  with  adobes  luted  with  clay,  leaving  the  tap-hole  about 

2  in.  diam.  The  charging  of  the  furnace  is  done  at  the  open  mouth, 
the  feeder  carrying  the  materials  and  fuel  in  a  little  tray,  and  monnt- 
ing  up  on  the  bendi  just  mentioned  to  throw  them  in.  Two  fnmaoes 
are  built  side  by  side,  with  an  interval  of  4}  ft.  clear  between  them. 
The  slag  is  led  off  on  the  side  of  each  furnace  fiBui;her  from  the  oentre- 
line ;  but  the  lead  from  both  furnaces  runs  towards  the  centre  into  ft 
rongh,  oval  depression  in  the  floor  of  the  casting-room,  where  it  con- 
soliaates  into  a  rough  slab.  The  tuyers,  one  to  each  fomaoe,  ard 
poked  through  the  refractory  lining,  and  wedged  around  with 
refractory  clay.  Generally,  each  furnace  is  supplied  with  wind  by  a 
large  blacksmith-bellows,  worked  by  hand-power  through  a  system  of 
levers,  which  allows  the  weight  of  the  men  to  do  most  of  the  work. 
Sometimes  a  Sturtevant  blower  is  used.  On  beginning  to  work  with 
a  new  or  newly-lined  fumaoe,  the  shaft  is  slowly  heated  up  by  a  small 
charcoal  or  wood  fire,  without  blast.  When  the  whole  structure  has 
thoroughly  dried  out>  more  charcoal  is  thrown  in,  the  blast  is  turned 
gently  on,  and  a  small  charge  of  slag  and  lead  scum  from  the  r&- 
molting  furnaces  is  exhibited.  The  cbarges  are  gradually  increased 
in  size  and  mixed  with  ore,  until  the  full  burden  of  the  fumaoe  is 
reached. 

The  CastiUan  blast  furnace  measures  about  8  ft.  high  and  3  ft 
diam.,  and  is  constructed  of  firebricks  moulded  into  the  shape  required, 
the  shaft  thus  constructed  being  surmounted  by  a  box-shaped  hood, 
in  the  sides  of  which  are  the  flue  and  feeding  door,  and  on  top  an  arch 
of  brickwork  laid  in  clay  forms  a  dome.  The  breast  is  formed  by  an 
iron  pan,  having  on  its  upper  edge  a  lip  to  allow  the  slag  to  flow  oC 
and  on  one  side  a  long  narrow  slot  for  tapping  or  drawing  off  the 
reduced  metal.  The  bottom  of  this  fumaoe  is  made  in  the  following 
way : — A  mixture  of  fire-clay  and  coke-dust  is  slightly  moistened  and 
stamped  or  beaten  into  the  hearth  bottom  until  it  reaches  the  top  of 
the  breast  pan.  This  is  hoUowed  out  in  the  usual  way  to  form  a 
cavity  for  the  collection  of  the  reduced  metal,  and  allowed  to  dry 
thoroughly  before  the  apparatus  is  used.     The  blast  is  applied  l^ 

3  tuyers  having  a  diameter  of  5j^  in.  at  the  receiving  ends  and  3  in  at 
the  nozzles.  Tne  blast  is  conducted  to  them  through  brick  channels 
placed  under  the  floor  of  the  furnace  house.  The  structure  is  secured 
by  iron  bands  encircling  it,  and  the  hood  is  supported  by  iron  columns. 
In  working,  the  charge  should  never  contain  over  a  third  of  its 
volume  in  lead.  If  richer  ore  is  to  be  treated,  it  must  be  reduced  to 
this  proportion  by  the  addition  of  poor  slags.  To  prevent  the  walls 
from  getting  too  hot,  and  preserve  the  bricks  from  burning  or  melting, 
--•*^  has  to  be  taken  in  charging  to  throw  the  fuel  towards  the  centre 

'he  ore  towards  the  walls.    Attention  has  to  be  paid  to  the  proper 
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Bgnlation  of  the  tem^ratnre,  as  a  too  high  degree  of  heat  will  canse 
068  of  lead  by  yolatilisation.  Ab  long  as  the  slag  flows  liquid  and 
-eadilj,  the  cooler  the  fiimace  is  kept  the  better.  Some  fermginoos 
>re  is  usaally  added  at  intervals  during  the  operation.  The  slag  flows 
toDtinuously  into  east-iron  wagons,  from  which  it  is  dumped  after 
taving  cooled  down.  The  advantage  of  this  is  that  if  at  any  time 
he  furnace  should  run  lead  or  matte,  it  can  easily  be  recovered, 
ilxtensive  condensing  apparatus  should  be  provided,  as  a  considerable 
onount  of  lead  volatilises  even  when  every  precaution  is  taken.* 

The  typical  European  blast  furnaces  are  the  Pilz  and  the  Bas- 
hette,  differing  little  but  in  shape,  the  former  being  circular  or 
diagonal  and  l£e  latter  an  elongated  parallelogram  in  section.  The 
^Iz  has  7  tuyers,  and  its  upper  portion  is  sustained  by  a  cast-iron 
oantle,  so  that  the  interior  portion,  composed  of  firebricks,  can,  when 
nimt  out,  be  easily  removed  without  disturbing  the  superstructure, 
rhe  section  of  the  furnace  widens  upwards  towards  the  feed  doors, 
rhich  arrangement  is  exceedingly  advantageous,  in  view  of  the  fact 
hat  the  charge  becomes  compacted  as  it  descends  towards  the  smelt- 
Dg  zone.  The  gases  as  they  ascend  to  the  upper  parts  of  the  stack 
lave  an  opportunity  to  expand,  thus  diminishing  their  velocity,  and 
or  this  reason  the  amount  of  flue  dust  is  very  considerably  lessened. 
The  Baschette  is  particularly  applicable  to  smelting  both  lead  and 
opper  ores,  and  as  originally  constructed,  had  two  working  fronts, 
ind  was  proportionately  very  much  longer  than  it  was  wide.  It  was 
bund  that  this  furnace  put  through  in  24  hours  40-60  per  cent,  more 
»re  than  the  round  furnaces.  The  upper  portion  was,  like  the  Pilz, 
npported  upon  an  iron  mantle  resting  upon  iron  columns.  It  has 
brmed  the  oasis  of  modem  improvements.  To  prevent  the  loss  of 
ime,  labour,  and  temperature  occasioned  by  the  frequent  burning 
hrough  of  the  lower  portion  of  the  furnace,  the  brickwork  in  that 
Murt  has  been  replaced  by  a  so-called  "water  jacket,"  an  annular 
ylinder  of  iron  about  3  ft.  high,  which  is  kept  cool  by  a  constant 
itream  of  cold  water  running  through  it. 

The  essential  features  of  a  typical  lead  smelting  furnace  of  t.o-day 
ire  shown  in  Fig.  155.  The  water  jacket  H  is  either  cast  in  one  piece 
K  constructed  of  j^in.  boiler  plate.  The  position  and  number  of  the 
nijers  b  is  a  matter  of  importance.  The  usual  number  is  5,  which 
)ieroe  at  equal  distances  the  lower  third  of  the  water  jacket  and  con- 
verge towiu>ds  the  centre  of  the  furnace.  By  reducing  the  number  of 
nyers,  or  placing  them  farther  from  the  breast,  the  water  would  cool 
iie  interior  of  the  jacket  to  such  a  degree  as  to  interfere  with  the 
regular  descent  of  the  charge.  The  water  enters  through  an  inlet 
pipe  at  the  bottom  of  the  jacket,  supplied  with  a  valve  to  regulate 
the  supply,  and  leaves  on  the  opposite  side  near  the  upper  edge  of  the 
jacket.  The  arrangement  shown  in  dotted  lines  at  c  can  be  recom- 
tnended,  as  the  workman  may  readily  estimate  the  quantity  and 
temperature  of  the  water  as  it  falls  firom  the  outlet  pipes  into  the 
funnel  c  communicating  with  the  drain,  and  reeulate  the  cold  water 
mpply  accordingly.  The  upper  part  of  the  fomace  is  frequently 
encased  in  sheet  iron,  strongly  riveted  together,  to  strengthen  it  and 
*  See  J.  IMby,  ^  Argentiferoas  Lead  liines  of  Spain,"  in  lnduUrie$, 
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to  prevent  the  escape  of  gases.  A  sheet-iron  hood  d  is  placed  0¥« 
the  fore  hearth  e,  and  carries  off  lead  fames  escaping  from  the  breitft 
and  thus  preyents  them  from  injurionsly  affecting  the  health  of  tin 
charger  ahove.  When  necessary,  this  hood  may  he  pulled  np,  hj 
means  of  a  chain  and  pnlley /,  so  as  not  to  interfere  with  the  woiIk 
The  charging  is  done  at  the  top,  which  is  preferable  to  chajrging  firon 
the  side  or  rear,  as  less  atmospneric  air  enters  the  flue.  The  bottoo 
of  the  fomaoe  is  made  of  brasque,  and  hollowed  in  the  usual  w^y  t 
form  a  cavity  for  the  collection  of  the  melted  lead.  At  ^  ib  th 
automatic  or  siphon  tap  or  lead  well  invented  by  Reyes  and  Arenti 


Fio.  155.— MoDKBH  Blast  Fubnagi. 

It  should  be  so  constructed  that  a  bar  inserted  from  the  outside  wd 
readily  pass  to  the  bottom  of  tiie  furnace,  an  angle  of  35^-45^  beiii| 
best.  Some  further  points  which  Reyes  *  thinks  would  be  improve 
ments  are :— (a)  that  the  interior  walls  of  the  furnace,  instead  of  pro 
ceeding  directly  upward,  should  expand  in  the  form  of  a  letter  V,  ' 
lower  portion  being  towards  the  hearth ;  (b)  a  forward  rake  of 
tuyers  towards  the  hearth  or  slag  discharge  of  the  furnace  w< 
drive  the  slag  as  formed  towards  its  natiural  exit,  the  slag  d( 
(c)  provision  of  two  spouts,  one  2-2^  in.  higher  than  the  other 
the  discharge  of  the  slag,  the  lower  being  intended  for  discharge 
matte  or  speiss,  if  either  or  both  should  be  formed.  His  ideal  fm 
would  have  a  hearth  area  of  8J^  x  3^  ft.,  with  11  tuyers,  5  on 
side  and  1  in  the  back  wall,  nozzles  4  in.  diam.,  and  inserted  10 

*  W.  a  Keyes,  **  Notes  on  Western  Lead  Smelting,''  Rep.  Stato  Mlnermlodl 
\if.,  1888.  ^^ 
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ibove  upper  edge  of  hearth  plate.  Furnace  to  be  13  ft.  high  from 
»ntre  of  tnyers  to  feed  door;  and  cracible  26  in.  deep  below  edge  of 
iiearth  plate.  Blowers  should  be  in  engine  room  under  supervision 
>f  engineer*  and  drawing  air  from  outside  through  a  brick  conduit, 
is  to  wood  charcoal,  it  is  necessary  to  study  the  characteristics  of 
Ufierent  kinds  before  adoption:  thus  Eeyes  found  the  *' mountain 
nahogany^  charcoal  crush  to  impalpable  powder  after  combustion 
md  actually  put  out  the  fire.  He  also  instances  an  experiment  in 
naking  aluminous  slag  when  silidous  flux  was  wanting,  employing 
day  slate  for  the  purpose  with  success. 

Cironlar  furnaces  are  giving  way  to  oblong,*  because  their  smelting 
sapocity  is  limited  by  the  diameter  at  the  tuyers,  which  practice  has 
ixed  at  42  in.  maximum,  commonly  36  in.  The  oblong  furnace  at 
uyor  level  is  86-120  in.  long  and  30-42  in.  wide,  the  two  figures  for 
iridth  representing  the  views  of  opposite  schools,  low  pressure  (|-1  in. 
neroory)  and  high  pressure  (2-2j^  in.)  blasts.  The  strength  of  blast 
letermines  the  height  between  tuyers  and  feed  floor  (12-18  ft.).  A 
urnaoe  100  x  33  in.  at  the  tuyers,  with  5  tuyers  (f  in.)  on  each  side. 
Old  12  ft.  active  height,  at  1^  in.  pressure,  will  smelt  60  tons  of 
nedioin  charge.  It  is  an  improvement  to  have  the  lead  well  enclosed 
Tj  the  cruci  me  castings  and  not  bolted  to  them ;  and  cast-iron  tuyer- 
)oxe8  bolted  to  the  jackets  are  superior  to  sheet-iron  tuyer-pipes. 
lofinan  believes  in  thej  possible  "  replacing  of  the  water  jackets 
rhoUy  or  in  part  by  a  suitable  refractory  material,"  as  the  cooling 
vater  consumes  a  large  amount  of  heat,  e.g.  a  furnace  36  by  92  in.  at 
lie  tuyers,  requires  per  minute  11  gal.  water,  the  temperature  of 
irhic^  becomes  raised  from  say  60^  to  160°  F.  Tlie  desired  refractory 
naterial  may  prove  to  be  coke-brick.  The  fuels  used  range  &om 
sharcoal  and  coke  to  bituminous  and  anthracite  coals.  In  America 
hib  long  double  hearth  reverberatory  14-16  ft  wide  is  preferred,  the 
ve  from  the  roasting  hearth  falling  vertically  22-24  m.  on  to  the 
Jagging  hearth.  As  low  as  10  per  cent,  ores  are  worked.  A  furnace 
K)  X  14  ft  will  slag-roast  2-3  tons  of  charge  per  24  hours.  Becovery 
reaches  94  per  cent  of  the  lead  in  poor  ores,  and  95  per  oent.  of  the 
olver  in  almost  alL  Cost  is  approximately  8«.  a  ton  for  calcining,  and 
^  a  ton  for  smelting,  assuming  a  furnace  to  take  48  tons  ore  per 
)A  hours,  using  33  per  oent.  flux  (16  tons  at  12«.)  and  18  per  cent  rael 
coke  at  48«.,  and  3  cords  wood  at  24«.),  and  labour,  4&c.,  amounting 
X)25I. 

At  Broken  Hill,  the  charge  consists  of  h\\  per  cent  lead  ore, 
\\  iron  ore,  47  silicious  iron  and  kaolin,  18  coke,  and  32  limestone. 
Hie  limestone,  broken  to  4  in.,  and  guaranteed  94  per  cent,  lime 
sarbonate,  is  delivered  at  18«.  a  ton.  English  coke  is  used,  costing 
tieavhy  and  suffering  much  from  handling.  Total  cost  of  smelting  is 
kbout  32«.  a  ton,  including  20«.  for  fael,  7«.  6d.  for  fluxes,  and  7«. 
for  labour ;  and  the  grand  total  cost  of  mining,  reduction,  and  realisa- 
tion is  about  32. 14«.  a  ton. 

The  usual  plan  for  preparing  the  smelting  mixture  is  to  lay  down 
I  large  number  of  tons  together  with  the  proper  fluxes,  and  to  weigh 

*  H.  O.  Hofnum,  **  Treatment  of  Argon tiforous  Load  Ores,"  Mineral  Industry, 
1321;  11427. 
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out  the  charges  at  the  feed  door.  Where  the  ores  are  of  a  diffiBi«ii1 
sifee  and  different  character,  it  may  be  better  to  have  the  feeder  wmgli 
out  directly  the  charge,  or  half  charge  of  ore  and  flnx^,  just  befoit 
patting  them  into  the  furnace.  This  requires  more  labour,  but  h 
often  sufficiently  advantageous  to  warrant  the  increased  expense. 

All  ores  are  either  acid,  basic,  or  neutral,  the  last  so  seldom  diai 
it  may  be  left  out.  The  principal  constituents  to  be  regarded  in  tb< 
matter  of  preparing  admixtures  for  the  formation  of  a  proper  slag  are 
(a)  silica,  representing  the  acid;  (&)  iron,  lime,  magnesia,  and  tbe 
alkalies.  Alumina  is  sometimes  present  and  acts  either  as  a  base  oi 
as  an  acid.  It  is  usually  considered  as  equivalent  to  silica  anj 
reckoned  as  such.  Magnesia  and  baryta  when  present  are  reduced  t( 
lime  in  the  ratio  of  their  molecular  weights,  and  entered  in  the  calcu- 
lations as  calcium  oxide:  thus,  MgO  X  1*4,  BaO  X  *4,  and,  by  sonu 
smelters,  ZnO  X  *7.  The  alkalies  being  usually  in  small  proportioD 
may  be  disregarded  or  allowed  for  amongst  the  bases.  In  order  ti 
calculate  the  constituents  of  a  slag  at  all,  it  is  necessary  to  have  fol 
and  complete  analyses  of  the  ore  and  fluxes.  Knowing  the  oompofi 
tion  of  both  the  ores  and  fluxes,  the  head  smelter  can  proceed  to  tin 
combination  of  a  slag  which  will  meet,  not  only  the  metallurgioa] 
but  the  economical  conditions  of  his  locality.  The  principal  slags  an 
the  following : — 

(a)  Sub-silicates,  where  the  oxygen  of  the  base  is  to  the  oxygei 
of  the  silica,  the  acid,  as  2  to  1 ;  chemical  formula,  4Ro,Si02. 

(&)  SinguIoHsilicates,  in  which  the  oxygen  of  the  base  is  to  th 
oxygen  of  the  acid,  the  silica,  as  1  to  1 ;  chemical  formula,  2  Bo 
SiOj. 

(c)  Bi-silicates,  in  which  the  oxygen  of  the  base  is  to  the  oxygei 
of  the  silica,  the  acid,  as  1  to  2 ;  chemical  formula,  BoSiO,. 

In  practice  these  slags  are  mingled  both  mechanically  and  ohemi 
cally  in  various  proportions,  and  of  such  admixtures  the  following  J 
are  of  common  occurrence  :* — 

(a)  1  mono-silicate  of  iron  plus  5  bi-silicates  of  lime ;  ohemica 
formula,  (2FeO,SiOjj)+6(('aOSi02);  percentage— 46  SiO„  18  FeO 
36  GaO.  Such  a  composition  is  advisable  when  iron  is  soaroe  anc 
silicious  ore  plentiful. 

(b)  1  mono-silicate  of  iron,  1  bi-silicate  of  iron,  with  2  monoj 
silicates  of  lime;  chemical  formula,  j2FeO,Si02,FeOSiO,}-|.2(2C«C^ 
SiOa) ;  percentage— 35i  SiO^,  31^  FeO,  33  Caa 

(c)  1  mono-silicate  of  iron  plus  1  mono-silicate  of  lime ;  ohemica] 
formula,  2FeO,SiOa-h2CaO,Si02;  percentage— 32  SiO„  38i  FeO| 
29}  CaO. 

(d)  1  mono-silicate  of  iron,  1  bi-silicate  of  iron,  and  1  mono-aUioat^ 
of  lime;  chemical  formula,  {2FeO,Si03,FeOSi02}4-2CaO,SiO,;  peri 
centage— 35^  SiO,,  42j^  FeO,  22  GaO ;  this  is,  as  a  rule,  the  best  ^ 
or  the  common  run  of  ores. 

(e)  3  bi-silicate  of  iron,  1  bi-silicate  of  lime,  plus  3  mono-silicate 
of  iron  and  1  mono-silicate  of  lime;  chemical  formula,  3FeO8i0j 
CaOSi02-f3(2FeO,SiOa),2CaO,SiOa;  percentage— 37  SiO„  60  FeO, 
13  GaO ;  this  was  first  extensively  used  by  A.  Eilers,  and  is  partioH 

*  Bep.  State  Mineralogist  Calif.,  1890,  p.  829. 
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larly  to  be  commended  when  the  ore  is  of  a  highly  fermginotis  nature 
fas  it  requires  little  quartz  and  lime),  also  for  use  when  zinc-bearing 
Dres  are  to  be  reduced.  In  all  these  slags  some  allowance  has  to  be 
made  for  the  alkalies.  Slags  rich  in  lime  will  cany  and  neutralise  a 
greater  percentage  of  silica  than  those  of  iron,  without  taking  up  too 
nuch  oxide  of  lead.  Basic  slags  cause  overfire  or  flaming  at  the 
diroat,  and  have  a  tendency  to  corrode  the  brickwork  of  the  furnace, 
ind  to  cause  loss  of  metal  owing  to  the  rapidity  and  ease  of  their 
ormation.  A  too  acid  slag,  on  the  contrary,  retards  the  fusibility  of 
he  furnace  mixtures,  and  hence  the  furnace  runs  too  slow.  The  ore, 
18  receiTcd,  of  course  contains  moisture,  and  in  calculating  the  charge 
t  is  necessary  to  make  the  proper  modification,  for  the  reason  that 
he  ore  and  flux  analysis  is  based  upon  a  steam-dried  material  It  is 
iirther  to  be  observed  that  31 '  05  iron  requires  34  silica  (SiOj)  for  its 
leutralisation,  and  that  16  sulphur  requires  28  metallic  iron.  Having 
he  analyses  of  the  ore,  flux  and  fuel,  the  metallurgist  can  proceed  to 
alculate  the  percentages  required  either  to  supply  what  is  lacking  in 
he  ore,  or  to  render  harmless  an  excess  of  acid  or  sulphur ;  it  becomes 
imply  a  question  of  mathematical  proportion.  As  to  the  amounts  of 
^  and  silver  in  the  respective  charges,  the  smelter  must  be 
ovemed  by  circumstances  and  his  practical  experience.  About 
00  oz.  silver  to  the  ton  of  lead  appears  to  be  the  most  desirable  pro- 
ortion  to  "  cover  "  the  silver  and  prevent  loss. 

The  conditions  laid  down  by  Collins*  are  somewhat  different, 
fe  insists  that : — (a)  the  slags  must  never  average  above  40  per  cent. 
iOj,  and,  if  fluxiog  ores  are  available,  especially  those  with  large 
•on  excess,  it  is  better  to  aim  at  a  slag  with  only  32  per  cent.  SiOj ; 
»)  the  amount  of  lead  in  the  charge  should  be  such  as  to  yield  10  per 
snt.  of  the  weight  of  the  latter  as  lead  bullion,  irrespective  of  the 
nail  amount  contained  in  the  matte ;  (e)  the  bullion  snould  not  run 
inch  above  300  oz.  silver  per  ton.  Special  cases  often  arise  in  which 
becomes  necessary  to  use  for  a  time  slags  of  42  per  cent.  SiO,,  or  to 
ork  with  a  bullion-yield  of  only  8  per  cent.,  or  to  produce  bullion 
r  upwards  of  400  oz.  per  ton;  but  such  conditions  are  always 
atrimental. 

The  basis  of  calculations  for  slags  is  that  the  most  fusible  of  all 
on  silicates  is  the  mono-silicate  (2FeO,Si02),  or  70  per  cent,  ferrous 
Lide  and  30  silica;  and  though  the  most  fusible  of  the  calcium 
licates  is  the  bisilicate  (CaO,Si02),  or  63  per  cent,  silica  and  47  lime, 
3t  the  mono-silicate  is  preferable  because  the  extra  lime  helps  carry 
r  sulphur  as  calcium  sulphide  in  the  slags.  Therefore,  all  the  iron 
calculated  as  2FeO,Si02,  and  all  the  lime  as  2CaO,Si02 ;  excess  of 
Ilea  being  reckoned  separately,  and  neutralised  wiUi  limestone, 
iless  argentiferous  iron  ore  can  be  got. 

In  valuing  an  ore  for  smelting  its  composition  has  to  be  carefully 
^nsidered.  The  presence  of  over  6  per  cent,  zinc  in  sulphuretted 
66  and  over  10  per  cent,  in  oxidised,  entails  a  reduction  of  about  2«. 
mut  for  all  excess  per  ton.  For  barytes  beyond  10  per  cent.,  a 
\xrwd  of  7-8c2.  a  unit  is  made.  When  the  ores  are  calcareous  or 
ghly  charged  with  iron  oxide,  a  reduction  is  often  made  in  the 
♦  H.  F.  Collins,  op.  cit 
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oliarge  for  smelting.  As  regards  the  lead,  some  smelten  reqnin  a 
certain  minimum,  and  an  extra  charge  is  made  for  each  nnit  of  lead 
below  such  minimum.  It  is  nsnal  to  dednct  5  per  cent,  for  lost  of 
silver  in  ore,  bnt  if  the  ores  are  dry  or  silicions,  a  still  farther  deduc- 
tion is  made,  often  as  high  as  10  per  cent,  for  100  oz.  ore,  and  lees  for 
the  higher  grades.  The  usual  charge  for  smelting  dry  ores  in  Colondo 
is  21. 10«.-3/.  and  eyen  5/.  a  ton.  Gold  beyond  ^  os.  is  paid  for  at  do 
per  cent.  When  lead  goes  less  than  5-10  per  cent,  no  payment » 
made  for  it.  Excess  of  silica  is  charged  at  5d.  per  unit.  Copper  u 
not  paid  for  in  lead  ores  nor  lead  in  copper  ores. 

Purification. — Lead  as  delivered  by  the  various  smelting  prooeeaes 
contains  generally,  in  addition  to  silver,  some  proportion  of  antimooy, 
arsenic,  copper,  iron  and  zinc,  which  may  be  in  such  amount  as  to  in- 
terfere witn  recovery  of  the  silver.  The  first  step  therefore  is  their 
more  or  less  perfect  removal,  b^  which  the  lead  is  "  softened  '*  or 
**  improved."  The  operation  consists  in  melting  the  crude  lead  ("  wcrk 
lead"  or  '*  base  bullion")  and  exposing  it  to  the  oxidising  influence  of 
the  atmosphere  until  all  impurities  have  been  removed  as  scum,  as^ 
a  pure  lead-silver  alloy  remains  behind.  The  apparatus  required  oos- 
sists  in  a  melting  pot  and  an  oxidising  pan,  both  made  of  cast  inm. 
The  oxidising  pan  is  generally  10-12  ft.  long,  5-6  ft.  wide,  and  about 
10  in.  deep,  and  will  hold  12-13  tons  of  lead.  At  one  end  is  a  tap- 
hole  through  which  the  purified  lead-silver  alloy  is  drawn  off.  Tb 
time  required  for  complete  purification  depends  upon  the  proporticgi 
of  metallic  impurities  in  the  lead,  and  consequently  varies.  At  the 
temperature  wnen  lead  melts  ^626^  F.),  the  copper,  iron  and  zinc  will 
readily  separate  and  float  on  tne  surface  as  a  pasty  mass.  AntimcDj 
and  arsenic  require  a  higher  degree  of  heat,  and  sometimes  the  ^|^ 
cation  of  a  blast  to  cause  them  to  oxidise  or  volatilise.  The  iMat 
must  not  be  increased  unnecessarily,  as  in  proportion  to  it  is  the  kas 
of  lead.  The  dross  has  to  be  skimmed  off  frequently  to  permit  free 
access  of  air  to  the  surface  of  the  metaL  To  assist  in  the  sepan^ 
of  mechanical  impurities,  wood  shavings,  dry  leaves,  or  brukh  wood 
are  mixed  with  the  lead  by  stirring,  when  a  development  of  gas* 
takes  place  which  causes  them  to  rise  to  the  surface. 

Liquation  is  sometimes  used  either  by  itself  or  supplementary  tn 
the  operation  just  described.  It  is  conducted  in  a  reverberatory  for- 
nace,  the  bed  of  which  slopes  steeply  from  the  fire  bridge  to  the  flee 
end,  where  it  ends  in  a  gutter  leading  to  the  lead  pot.  The  b^* 
bullion  to  be  softened  is  piled  on  the  highest  part  and  exposed  to  s 
temperature  near  the  melting  point  of  lead,  when  that  metal  «ill 
gradually  separate  and  run  down  the  incline  into  the  lead  pot,  wlu> 
the  metallic  admixtures,  having  a  higher  smelting  point,  are  le^ 
behind. 

Desilverisation  is  effected  by  cupelling  (rapid  oxidation  of  the  l»l 
without  affecting  the  silver),  by  crystallisation  (Pattinson's  procesl 
and  by  the  action  of  zinc  (Parkes*  process). 

The  English  cupelling  furnace  is  a  reverberatory  with  morahfc 
bottom,  Fig.  152.  The  frame,  of  iron,  and  strongly  bound  by  l^ia. 
X  i  in.  iron  bands,  is  about  4  ft.  wide  in  front,  3  ft.  in  rear,  and  5^- 
6  in.  deep,  and  is  filled  with  moistened  bone  ash  firmly  pressed  is. 
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^fter  wHich  a  cavity  is  scooped  out,  leaving  a  lining  2  in.  thick  at  the 
im,  increasing  to  3  in.  at  the  bottom.    Lito  the  front  end,  3  holes 
kre  drilled^  to  serve  in  succession  as  outlets  for  the  litharge  during 
lie  operation.    After  the  first  one  of  these  has  become  too  much  cor- 
-oded  to  be  any  longer  serviceable,  it  is  closed,  and  one  of  the  remain- 
ng  two  is  opened.    A  fire  bridge  a  14-18  in.  high  separates  the  test  h 
irom  the    fireplace    c ;    the 
'umes  and  products  of  com- 
bustion escape  through  two 
>pening8   d    into    the    main 
lue  k    To  prevent  the  test 
Tom  cracking,  it  is  necessaiy 
x>  heat  it  gradually  and  cau- 
dously  to  a  bright  red,  when 
part    of    the    charge,    pre- 
riously  melted  in  the  iron 
pot  e,  is  introduced  through 
the   gutter  /.     At  first  the 
metal  bec<)mes  covered  with 

\  grey    dross,   which  melts  ^'ig«  156. — Emgusu  Cupbl. 

nrhen  the  temperature  in- 
creases ;  then  the  blast  is  turned  on  through  the  nozzle  ^,  and  forces 
the  litharge  towards  the  front,  where  it  escapes  and  falls  into  a 
shallow  cast-iron  pot  running  on  wheels.  Fuel  is  added  through  the 
ioor  A,  while  the  one  at  t  is  used  for  watching  the  operation.  A  flue 
oarriee  off  the  fumes  collected  by  a  hood.  In  cases  where  the  lead  is 
introduced  into  the  test  without  previous  melting,  openings  are  pro- 
rided  in  the  back  wall  near  the  tuyer  through  which  the  pigs  may  be 
charged.  In  proportion  as  the  metal  in  the  test  diminishes,  fresh 
lead  is  added,  ^hen  the  charge  has  become  sufficiently  enriched  to 
tender  its  transfer  to  the  refining  furnace  desirable,  a  hole  is  drilled 
into  the  bottom  of  the  test  and  the  alloy  is  tapped  into  a  pot  placed 
on  wheels,  after  which  the  hole  is  plugged  up  and  a  new  charge  is 
introduced.  The  final  refining  is  conducted  in  a  furnace  of  similar 
construction,  in  which  the  enriched  alloy  is  treated  as  above  until 
the  LiSt  traces  of  lead  have  become  oxidised,  and  the  brightening  of 
the  silver  indicates  the  termination  of  the  process ;  then  the  blast  is 
turned  off,  the  fire  is  raked  out,  the  silver  button  is  allowed  to  set, 
and  the  frame  containing  it  is  lowered  into  a  small  car  and  wheeled 
away  to  cool  off.  About  4-6  cwt.  bullion  per  hour  are  thus  refined, 
with  a  loss  of  7  per  cent.,  and  a  fuel  consumption  of  6-7  cwt.  coal  per 
ton  of  lead. 

In  America,  the  English  cupel  is  in  universal  use,  but  has  under- 
gone changes  in  construction  and  manner  of  operating.  The  test 
has  been  in  some  cases  increased  to  6  ft.  by  3  ft.  8  in. ;  the  original 
wrought-iron  hoop  has  been  in  many  instances  replaced  by  a  cast- 
iron  ring,  or,  if  wrought^iron  has  been  retained,  either  water-cooled 
coils  have  been  added  to  counteract  the  corrosion  of  the  litharge,  or 
the  ring  has  been  replaced  on  3  sides  by  wrought-iron  jackets  and  at 
the  front  by  cast-iron  jackets  of  different  constructions.  The  support 
v>f  the  test  has  in  many  cases  been  made  so  that  during  the  process  it 
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can  be  moved  up  and  down  and  fddeways.  Tbe  filling  material  liu 
been  replaced  by  a  limestone-day  mixture,  by  pure  cement,  or  by  i 
mixture  of  coarsely  ground  firebrick  and  cement.  The  workmg 
is  now  generally  divided  into  two  operations:  conoentratiDg  &e 
retort-bullion  to  60-80  per  cent,  silver  in  one  fdmace,  and  fimiihiTig 
the  operation,  including  the  fining  of  the  silver,  in  another.  By  tlm 
means  the  concentration  in  water-jacketed  tests,  an  easy  operatioii 
has  been  made  continuous;  the  finishing,  requiring  special  skill 
being  done  only  at  intervals. 

The  Pattinson  process  is  based  on  the  fact  that  when  argenti- 
ferous lead  is  cooled  from  a  molten  condition  with  constant  agitatioo, 
the  lead  has  a  tendency  to  separate  in  crystals  from  the  silver,  whidi 
latter  thus  enriches  the  portion  remaining  fluid.  The  plant  emplopl 
in  the  operation  consists  of  a  series  (10-12)  of  iron  pots,  about  5|  fi 
diam.  by  2^  ft.  deep.  At  one  end  of  the  row  is  a  pot  having  aboot 
two-thirds  the  capacity  of  the  others,  called  the  *'  market  pot."  Bach 
pot  is  provided  with  a  separate  fireplace,  and  heated  by  a  drcnkr 
flue  ending  in  a  main  flue  running  under  the  level  of  the  floor  parallel 
with  the  line  of  pots.  Each  pot  holds  6-10  tons  of  bullion,  tb« 
charging  being  done  by  cranes.  Supposing  the  lead  about  to  be  de- 
silverised  to  contain  20  oz.  silver  per  ton,  the  bullion  is  placed  in  pot 
No.  6,  where  it  is  melted ;  the  "  pot  dross,"  or  covering  of  oxide  whicb 
forms  on  it,  is  skimmed  ofl*,  and  the  fire  is  withdrawn.  To  assist  tbe 
cooling,  water  is  sprinkled  on  the  lead,  and  while  the  temperature  is 
gradually  decreasing,  it  is  constantly  stirred  with  an  iron  rod,  thos 
causing  the  formation  of  crystals.  These  are  removed  with  a  per- 
forated ladle  and  allowed  to  drain  into  the  pot  whence  they  havebea 
taken,  after  which  they  are  placed  in  pot  No.  6.  This  is  continued  until 
i)  f  *  o^  f  o^  ^^0  contents  of  pot  No.  6  have  been  transferred  to  Ko  o, 
according  to  whether  the  method  adopted  is  by  eighths,  quarters,  (^ 
thirds.  The  lead  remaining  in  No.  6  will  contain  about  40  os.  8il?er 
per  ton,  and  is  ladled  into  pot  No.  7,  while  the  crystals,  transferred  tn 
No.  5,  will  only  contain  about  10  oz.  A  fresh  charge  of  lead  beinf 
worked  in  No.  6,  the  crystals  are  again  passed  to  No.  5  and  tk 
enriched  "  bottoms "  to  No.  7.  Each  pot,  as  it  becomes  filled  br 
crystals  from  the  one  side  or  by  bottoms  from  the  other,  is  in  iH 
turn  crystallised.  In  this  way  the  crystals,  as  they  approach  th? 
market  pot,  become  gradually  poorer  in  silver,  while  the  ^ 
bottoms,  passing  in  the  contrary  direction,  increase  in  richness.  T^ 
various  pots  in  the  series  may,  from  time  to  time,  receive  lead  yiddine 
the  same  amount  of  silver  as  the  metal  which  they  severally  o(»tain. 
During  these  operations  a  quantity  of  oxide  is  produced,  and  when 
the  charge  in  each  pot  is  melted  down,  it  is  always  carefallT 
skimmed  before  cooling.  The  amount  of  dross  from  working  W 
containing  20  oz.  silver  per  ton  may  be  estimated  at  25  per  cent  of 
its  weight.  The  enrichment  attains  its  limit  when  700  oz.  pv  t@ 
are  reached,  and  further  concentration  by  these  means  becomes  impo^ 
sible.  The  lead  in  the  market  pot  should  not  contain  more  than  \^ 
silver  per  ton. 

Modifications  of  Pattinson's  process  are  the  Laveissidre,  in  wW^ 
the  stirring  is  effected  by  wheels  instead  of  by  men  wielding  ir^ 
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ods ;  and  the  Marseilles,  which  relies  on  steam  blown  in  for  agitating 
(orposeR. 

Pattinson's  prooess  cannot  generally  compete  with  the  zinc  method, 
mt  it  has  sonrived  at  Freiberg  in  consequence  of  certain  special 
lecnliarities  in  the  lead  there  smelted:  (a)  it  contains  too  much 
opper,  nickel,  cobalt,  tin,  antimony,  arsenic,  and  bismnth  to  be  fit  for 
he  zinc  process  without  preliminary  liqnation  and  softening ;  (6)  the 
ilver  contents  being  mostly  large  (60-1 20  oz.  per  ton),  the  ooncentra- 
ion  for  the  refinery  is  nearly  as  rapidly  effected  by  one  method  afr 
ly  the  other ;  (c)  production  of  flake  litharge,  for  which  there  is  con- 
iderable  commercial  demand,  is  notably  diminished  when  zinc  is 
Bed ;  (J)  the  recovery  of  bismuth  from  the  lead,  which  is  one  of  the 
»rofitable  operations  of  the  works,  can  only  be  effected  by  the  older 
irocess.  A  combination  of  the  two  methods  has  been  developed 
rhich  presents  notable  advantages  over  crystallising  alone.  I^ad 
ontaining  33  oz.  of  silver  and  upwards,  after  previous  liquation  and 
of^ening  when  necessary,  is  crystallised  by  the  method  of  thirds  into 
ioh  and  poor  portions,  tne  former  with  650  oz.  going  to  the  refinery, 
rhile  the  latter,  contidnine  at  most  33  oz.,  and  practically  freed  from 
ismuth,  is  finally  desilvensed  by  zinc.  This  is  generally  effected  by 
hree  additions,  each  of  which  occupies  about  5  hours,  and  as  a  similar 
ime  is  required  for  melting  down  and  cleaning  the  surface  of  the 
Bad,  the  total  period  of  working  one  charge  is  about  20  hours.  The 
barge,  consistiDg  of  20  tons,  of  lead  requires  about  4  owt.  or  1  per 
ent.  of  its  weight  of  zinc  for  complete  desilverisation ;  220  lb.  being 
ned  in  the  first  addition,  165  lb.  in  the  second,  and  88  lb.  in  the  third. 
Lbout  one-half  of  this  quantity  is  subsequently  recovered  in  the  dis- 
illation  of  the  rich  lead-zinc  and  silver  alloy.  The  zinc  removed 
Iter  the  first  addition  is  sufficiently  rich  fur  the  liquation  pot ;  but 
hat  of  the  second  and  third  additions  is  put  aside  to  be  used  in  sub- 
equent  operations  with  fresh  quantities  of  lead.  By  liquation,  the 
ormer  product  is  divided  into  rich  scum  for  distillation,  and  argent- 
Gorous  zinc-lead,  which,  together  with  the  poorer  zinc  skimmings,  ia 
eturaed  to  the  desilverising  process.  The  removal  of  the  zinc  from 
he  desilvensed  lead  is  effected  in  the  softening  furnace  at  a  red  heat, 
oddation  being  achieved  either  by  a  blast  of  air  or  by  the  chimney 
Iraught  alone.  The  crust  first  formed  on  the  surface,  consisting  of 
inc  and  lead  oxides,  must  be  drawn  with  a  rabble,  but  the  proportion 
A  Uie  latter  gradually  increases  until  pure  litharge  is  produced.  The 
efining  operation  lasts  9  hours ;  the  proportion  of  zinc  in  the  lead 
liminishes  from  '75  per  cent,  at  starting  to  *16  per  cent,  in  3  hours, 
01  in  5  hours,  -0008  in  7  hours,  and  -0002  in  9  hours.  The  latter 
[nanti^  tx>rre6ponds  to  1*3  dwt.  per  ton.  When  the  refining  is 
iiushedu  the  softened  lead  is  tapped  into  a  cast-iron  pot,  from  which, 
kfter  skimming  the  final  dross,  it  is  cast  into  moulds  for  sale.  The 
ich  scum  in  which  the  precious  metals  are  concentrated  ccmtains  in 
addition  to  4*05  per  cent,  silver,  and  *0153  per  cent,  gold,  53  per  cent, 
ead,  40  zinc,  and  somewhat  more  than  2\  copper.  The  zinc  is  removed 
yj  distillation  in  a  plumbago  crucible  with  a  domed  head  and  lateral 
liBcharge  pipe.  The  condenser  is  a  cast-iron  box  about  20  in.  high, 
>f  rectangular  horizontal  section,  diminishing  upwards,  the  capacity 
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being  abont  \  oulx  ft.  About  4j^  owt.  bf  the  alloy  with  1  per  otel 
oharooal  powder  is  charged  upon  a  layer  of  lumps  of  charcoal  place 
At  the  bottom  of  the  crucible.  l/Hien  the  latter  is  filled,  the  dome  i 
Inted  with  clay,  and  the  space  inside  is  packed  with  a  further  qnantit 
of  allo^  introduced  through  the  hole  upon  which  the  discharge  pip 
is  finally  adjusted.  The  crucible  is  placed  on  a  square  wind  furnao 
heated  with  coke,  whidi  requires  to  be  twice  filled  with  fire^  fiu 
during  the  period  of  distillation,  lasting  8-9  hours.  When  oompletet 
the  zinc  is  oollected  in  a  lump  of  the  shape  of  the  oondenBer,  whil 
the  lead  remains  in  the  crucible,  covered  by  the  unconsumed  charocH 
and  any  unreduced  dross.  This,  when  cleaned  by  skimming  with 
colander,  is  ladled  out  and  passed  to  the  refinery.  The  cost  of  woil 
ing  lead  with  300  oz.  silver  per  ton  by  the  combined  process  is  abon 
13«.  per  ton,  or  about  18  per  cent,  lesd  than  by  the  simple  Pattinsa 
process.  With  poorer  lead  (150  oz.  to  the  ton)  the  saving  is  larga 
and  amounts  to  about  21^  per  cent. ;  moreover  the  precious  metals  ai 
rather  more  completely  recovered. 

The  zinc  process  (invented  by  Parkes,  but  since  modified  in  mai^ 
ways)  is  based  on  the  observation  that  when  molten  zinc-lead  is  ooole 
slowly,  the  zinc  solidifies  first,  in  a  crust  and  carries  nearly  all  tJi 
silver  with  it.  In  operation,  the  silver-lead  is  melted  in  a  cast-iiu 
kettle,  3-3j^  ft.  deep,  and  of  a  diameter  to  hold  the  contents  (15-d 
tons) ;  some  American  kettles  hold  up  to  60  tons,  but  in  that  cm 
they  are  oblong  with  roimded  ends.  Heat  is  raised  till  zino  fusee  i^ 
the  bath.  The  latter  metal  is  added  in  3  successive  portions  of  |>  j 
and  <,V<  After  the  first  addition  the  fire  is  kept  up  and  the  mass  i 
well  stirred  with  a  perforated  ladle  for  \  hour,  wnen  the  fire  is  reduced 
and  the  kettle  is  allowed  to  cool.  When  the  zinc  crust  is  firm  enoog) 
it  is  removed  with  all  particles  adhering  to  the  sides  of  the  kettle 
and  the  surface  is  skimmed  till  the  lead  commences  to  orystalliM 
when  the  heating  is  renewed,  and  the  second  instalment  of  zinc  i 
added,  stirring  and  skimming  being  repeated  as  before.  Finally,  th 
third  and  last  quantum  of  zinc  goes  in,  and  the  treatment  is  ooncludec 
The  quantity  of  zinc  is  proportioned  to  the  silver  in  the  base  bullioi 
thus  :— 

9  oz.  silyor  per  ton  require  1)  per  cent  zino. 
18  H  t,  H  >• 

86  „  n  U  n 

5*  »  w  Ij  „ 

108  „  „  2  ,v 

1"  »♦  >»  *t  t» 

A  percentage  of  lead  accompanies  the  silver  in  the  zinc  cmi 
this  is  recovered  by  liquation  in  two  iron  pots,  one  of  which  is  pla4 
higher  than  the  other  and  is  connected  with  it  by  a  pipe  oast  on! 
bottom.  The  zinc  skimmings  are  strongly  heated  in.  the  upper  ii 
and  the  liquated  lead  fiows  into  the  lower  one  through  the  pipe,  w£ 
the  argentiferous  zinc  remains  behind.  The  lead  carries  with  it  pi 
of  the  silver  and  zinc,  which,  after  cooling,  is  skimmed  off.  1 
liquated  and  purified  lead  is  put  with  the  original  metal  bef<»ei 
last  addition  of  zinc. 

The  output  of  metal  by  the  Parkes  process  is  good :  silver,  dl 
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nnder  99^  per  cent. ;  gold,  98-^100  per  cent. ;  lead,  99-99J  per  cent 
The  cost  of  operating  in  America  is  about  20-25«.  per  ton  of  base 
bullion.  At  Broken  Hill  the  cost  is  35-40«.  per  ton  of  bullion,  and 
the  working  losses  amonnt  to  4  per  cent,  lead  and  2  oz.  silver  per  ton 
of  bullion.  Practically  all  the  gold,  3  •  4  dwt.  per  ton  of  bullion,  is 
caught. 

Flach's  modification  is  conducted  in  3  cast-iron  pots,  set  in  brick- 
work at  a  conTcnient  height  above  the  floor,  and  heated  by  separate 
fireplaces ;  2  hold  about  6  tons  each,  while  the  third  has  a  capacity 
[>f  20  tons.  Desilverising  is  conducted  in  the  larger  pot,  and  the 
argentiferous  zinc  crust  is  removed  to  one  of  the  smaller  pots  by 
means  of  perforated  ladles.  When  one  pot  has  become  full,  it  is 
mbjected  to  liquation,  and  the  other  one  serves  as  a  receptacle  for  the 
skimmings.  The  liquated  lead  is  added  to  the  metal  in  the  de- 
dlverising  pot  at  the  same  period  as  in  the  former  case.  The  argent- 
iferous alloy  is  in  both  cases  smelted  in  a  blast  furnace  to  separate 
he  last  particles  of  lead,  which  is  Anally  cupelled.  The  lead  remain- 
Dg  in  the  larger  vessel  is  Icbdled  into  the  pan  of  an  improving  furnace, 
md  kept  at  a  red  heat  for  about  12  hours,  during  which  it  is  fre 
luently  skimmed ;  at  the  expiration  of  this  period  it  is  cast  in  moulds, 
hnd  forms  market  lead. 

In  Corduri^'s  method  the  lead  is  brought  to  a  red  heat,  and  super- 
heated steam  is  forced  through  it,  when  the  oxygen  contained  in  the 
atter  causes  the  zinc  to  oxidise,  while  the  lead  is  but  slijerhtly  affected  ; 
he  zinc  oxide  rises  to  the  surface  and  is  skimmed  off.  The  zinc^silver 
Hoy  may  be  treated  in  the  same  way,  when  the  zinc  will  oxidise  and 
eparate  from  the  argentiferous  lecbd  alloy.  The  latter  is  finally 
upolled  to  obtain  pure  silver  and  litharge. 

By  another  way,  the  alloy  is  kept  at  a  moderate  temperature  under 
cover  of  chloride  of  lead  for  about  24  hours  and  continually  stirred, 
'hen  the  metallic  zinc  is  converted  into  zinc  chloride  and  the  lead 
bloride  into  metallic  lead. 

Schnabel's  process  consists  in  the  digestion  of  the  argentiferous 
inc  and  lead  oxides  with  a  hot  solution  of  carbonate  of  ammonia 
nder  pressure  in  gas-tight  vessels.  The  zinc  oxide  dissolves  and  is 
mverted  into  zinc  carbonate,  and  a  silver-lead  alloy  is  obtained  in 
buitable  state  for  refining.  The  ammoniacal  solution  is  distilled  to 
hoover  ammonia,  and  the  basic  zinc  carbonate  is  converted  by  calci- 
ation  into  the  oxide,  which  is  used  as  paint. 

Balbach  and  Faber  du  Faur  employ  a  retort  furnace  as  shown  in 
ig.  153  :  a,  fireplace ;  b,  grate ;  c,  ^el  door ;  d,  retort ;  e,  flue.  It  is 
red  with  charcoal  or  coke,  and  when  the  retort  is  red-hot  the  charge 
\  introduced,  consisting  of  a  mixture  of  finely  broken  zinc  crust  and 
larcoal  smalls,  and  varying  according  to  the  size  of  tlie  furnace  from 
50  to  400  lb.  zinc  crust,  and  3  to  5  lb.  charcoal.  Then  a  condenser  is 
laced  over  the  mouth  of  the  retort,  and  the  temperature  is  at  once 
kised  to  white  heat.  Should  it  be  neglected  to  maintain  this  hiich 
tmperature  uniformly,  a  crust  of  chilled  alloy  will  form  on  the  metal, 
nder  which  zinc  fumes  accumulate,  causing  an  explosion  if  the 
»mperature  is  once  more  raised.  The  metallic  zinc  collects  in  the 
mdenser,  from  whence  it  is  from  time  to  time  removed,  remelted, 
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and  oast  into  thin  platee,  to  be  used  again  in  desilTerising.  In  tiiif 
way  60-80  per  oent.  of  the  fine  is  recovered,  40-50  per  cent,  in  Ibi 
metallic  state,  and  20-30  per  cent,  as  oxide.  The  latter  collects  aroonl 
the  month  of  the  condenser ;  it  is  scraped  off,  packed  into  soitaldi 

vesselB,  and  taken  to  zinc  works  €■ 
reduction.  The  argentiferooB  lead  ?<» 
mainin^  in  the  retort  is  tapped  ofi^  cari 
into  thin  plates,  and  capelled  in  «i 
English  furnace.  The  entire  opera^ 
requires  8-10  hours,  according  to  tibi 
percentage  of  zinc  in  the  alloy.  Tki 
romace  has  found  most  favour  amoo| 
zinc  distillers,  because  it  is  easy  to  keaf 
at  a  uniformly  high  heat,  and  tb 
retort  can  be  quickly  emptied,  deand 
and  refilled  for  a  fresh  operation,  vai 
endures  longer.  In  America  the  wai 
has  been  increased  up  to  1000  lb. 

In  the  R68sler-£delmann 
operated  at  Hoboken,  near  Antwerp,  i 
addition  of  a  little  aluminium  to  the  j 
produces  a  rich  zinc-silver  crust,  free  from  lead,  and  avoids  prodi 
of  bulky  scums.  An  alloy  of  *  5  per  cent,  aluminium  with  the  zinc  do 
not  oxidise  at  desilverising  temperature ;  thus  desilverisation  is  m 
possible  at  one  operation,  without  much  stirring,  and  with  much  ] 
zinc.  In  practice,  the  zinc-aluminium  alloy,  previously  prepared,  h 
thrown  upon  the  1^  bath,  when  the  latter  has  acquired  the  necesBafj 
temperature,  varying  with  the  contents  in  silver,  but  about  750^^ 
900^  F.  Then  the  whole  is  stirred  and  allowed  to  cool,  wbereapoB 
the  molten  lead,  which  at  the  low  temperature  is  no  longer  capabh 
of  holding  the  zinc,  gives  it  up  again.  The  free  zinc,  having  in  tb< 
meanwhile  taken  up  Qie  silver,  rises  to  the  surface  of  the  bath,  wheiM 
it,  together  with  some  lead,  is  ladled  off.  In  order  to  get  rid  of  the 
excess  of  lead,  the  alloy  is  charged  into  a  cast-iron  pot  with  an  outk^ 
at  the  bottom,  and  slowly  heated,  liquating  and  drawing  off  the  gr^ti 
part  Subsequently  the  temperature  is  raised  to  red-heat,  for  me^  ' 
the  zinc-silver  alloy,  as  well  as  for  separating  it  from  the  rema 
of  lead  present,  the  former  floating  on  top  of  the  latter,  whence  it  i^ 
ladled,  care  being  taken  not  to  touch  the  lead  underneath,  whidi  \ 
drawn  off  afterwards.  The  zincndlver  alloy  consists  of  20-40  pi 
cent  silver,  according  to  the  richness  of  the  silver-lead  treated,  5  pei 
cent,  lead,  2-4  per  cent,  copper,  and  60-70  per  cent  zinc.  It  amounti 
to  about  2  per  oent.  of  the  silver-lead  treated,  while  by  the  old  pn> 
cess  about  15  per  oent.  zinc  scum,  consisting  of  4-6  per  cent  silver 
70^0  per  cent  lead,  *5  per  cent  copner  and  10  per  cent  zinc  wai 

Produced.    For  working  up  the  zinc-suver  alloy  there  are  two  wajt 
^he  first  is  to  treat  the  granulated  alloy  by  hydrochloric  or  dilate 
sxdphuric  acid,  whereby  the  zinc  is  got  as  a  salt,  and  the  silverin  Um 
«hape  of  slime.    The  second  way  is  by  electrolysis,  whereby  the  spdtei 
obtained  as  a  metal  of  high  puri^,  consisting  of  *  0099- *  0044  ptf 
t  iron,  •0114-'0210  per  oent  copper,  •0341-*0600  per  oent  lc»d, 
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from  a  trace  to  '0020  per  oent  diver,  and  99*9446-99*9226  per  oent. 
cine.  This  metal,  of  coarse,  commands  a  mnch  higher  price  inan  that 
>f  ordinary  spelter,  the  gain  nearly  covering  the  cost  of  electrolysis, 
rhe  electrolyte  consists  of  a  solution  of  zinc  chloride  in  magnesium 
ddoride.  Its  sp.  gr.  is  about  1  -2  to  1  -27.  The  cathodes  are  vertical 
nrcular  sheets  of  metallic  zinc  fixed  upon  a  horizontal  spindle,  the 
tatter  revolving  just  above  the  surface  of  the  bath.  The  spelter  is 
thereby  obtain^  in  sheets.  The  residue  of  the  anodes,  got  in  the 
ihape  of  slime,  after  the  electrolytic  extraction  of  the  zinc,  contains 
ibout  75  per  cent,  silver  and  12  per  cent.  lead.  A  small  quantity  of 
3hloride  of  silver  is  also  formed.  The  oxides  of  copper,  zinc  and  iron 
ire  dissolved  in  very  dilute  n2S04,  while  the  chloride  of  silver  is 
reduced  at  the  same  time  to  the  metallic  state  by  iron  shavings.  The 
diver  slime  now  contains  nearly  15  per  cent,  lead,  some  copper,  and 
30-85  per  cent,  silver.  It  is  smelted  upon  a  cupel,  whereby  the 
remainder  of  the  lead  is  oxidised  and  separated  as  litharee.  About 
150  lb.  silver  slime  are  refined  in  8  hours,  and  it  is  possime  to  refine 
I  charges  in  24  hours.  Cupellation  is  done  away  with,  and  with  it 
Bie  reviving  of  litharge  and  other  bye-products.  In  lieu  of  it  there 
is  only  the  short  refining  process  on  the  cupel.  As  there  is  only  a 
very  small  quantity  of  litharge  produced,  practically  the  whole  of 
the  silver-lead  is  worked  at  once  into  refined  lead,  so  that  no 
Ribsequent  desilverisation  of  the  revived  bullion,  as  hitherto,  is 
required. 

Utilising  Heat  of  Slag. — Careful  measurements  *  at  Broken  Hill, 
irith  a  view  of  determining  the  true  values  of  the  heat  wasted  in  the 
dags,  show  that,  although  a  comparatively  small  proportion  only  of 
the  total  heat  pit)duced  by  the  combustion  of  the  coke  supplied  to  the 
famaces  is  contained  in  the  slags  (the  remainder  being  found  in  the 
chemical  reactions  of  the  ores  and  fluxes  in  the  furnace  or  passing  up 
the  flues  with  the  gases),  the  amoimt  is  still  large  enough  to  be  of 
eonsiderable  importance,  and  its  utilisation  for  steaming  purposes 
capable  of  effecting  an  important  economy.  The  following  are  the 
principal  data  determined  by  the  measurements :  sp.  gr.,  3*8;  tem- 
perature of  exit  from  furnace  (average),  2000°  F. ;  specific  heat,  25 ; 
latent  heat  per  lb.  (probably),  120  heat-units;  total  heat  per  lb., 
620  heat-units ;  average  output  of  slag  from  one  furnace,  112  in.  by 
60  in.,  4400  lb.  per  hour ;  theoretical  mechanical  equivalent  of  slag 
from  one  furnace,  1064  h.p.  As  in  the  case  of  steam  production  from 
^e  combustion  of  coal,  only  a  small  portion  of  this  waste  power  can, 
by  any  known  method,  be  utilised  for  mechanical  work.  Direct  con- 
tact  methods  were  discarded  on  trial  for  a  method  of  imparting  the 
heat  to  the  water  through  the  medium  of  a  metallic  casing*  the  prac- 
tical result  being  that  with  a  comparatively  small  and  loexpensive 
boiler,  the  whole  output  of  slag  from  one  112  x  60  in.  silver-lead 
fomace  can  be  readily  utilised,  with  a  production  of  over  60  h.p. 

Fumaee  Bye-Produets. — (a)  The  term  **  speiss  "  is  applied  to  sub- 
stance consisting  essentially  of  iron  in  combination  with  antimony  or 
arsenic,  containing  besides  varying  proportions  of  valuable  metals,  as 
well  as  some  sulphur,  lime,  silica,  copper,  lead,  molybdenum,  zinc,  &o. 
*  J.  Howell  and  E.  A.  Ashcroft,  Trans.  AoBtr.  Inat.  Min.  Engs. 
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A  praotical  attempt  to  utilise  speifis  at  the  Richmond  works,  Keyada, 
consisted  in  tapping  the  molten  speiss  into  pots  having  a  lining  of 
clay  and  limestone,  and  at  the  same  time  adding  a  sufficiency  of  lesd 
or  litharge  to  collect  the  precious  metals.  The  carbonic  acid  set  firee 
hy  the  heat  of  the  molten  speiss  serves  to  keep  the  contents  of  the  pot 
in  ebullition,  so  that  the  lead  gradually  sinks  to  the  bottom  of  the 
vessel,  carrying  the  precious  metals  with  it.  As  a  result^  there  was 
extracted  about  67  ^r  cent,  of  the  value.  This  process  was  improved 
upon  by  L.  W.  Davies,  who  adds  about  25  per  cent,  molten  lead  to  the 
molten  speiss,  in  a  metal  converter  under  an  air  pressure  of  17  lb. 
The  converter  is  cylindrical,  and  has  a  lining  of  2^  in.  of  firelnrick. 
The  economic  results  obtained  have  been  favourable :  the  percentage 
of  silver  extracted  is  reported  at  83*50,  and  of  gold  89*28. 

(6)  "  Matte "  is  chiefly  compounded  of  iron  and  sulphur,  eoine 
lead,  copper,  gold,  and  silver  being  also  usually  entrapped  in  it.  It  is 
re-roasted  (to  remove  sulphur)  and  re-smelted,  the  copper  beo6miii^ 
concentrated  thereby  and  carrying  the  precious  metals. 

(c)  **  Slag  "  contains  the  gangue  and  waste  matters  of  the  ores  an^ 
fluxes,  and  should  not  afford  more  than  1  per  cent,  lead  or  1  ok.  ralvei 
lYOT  ton.  Bich  slags  are  i-e-smelted.  At  most  works,  each  potful  d 
slag  is  separately  hand-picked.  As  soon  as  the  pot  is  cool,  its  content! 
are  deposited  on  the  8U]:%su>e  of  the  dump,  where,  when  quite  cold,  tlM 
cone  is  bioken  up  and  carefully  examined  for  a  cake  of  matte,  whicli 
is  generally  found  at  the  point  of  almost  every  cone,  in  addition  U 
which  there  is  often  a  smaller  cake  of  speiss  below  the  matte,  and 
sometimes  a  button  of  lead  at  the  extreme  point  of  the  cone.  Th« 
matte  contains  practically  all  the  copper  contents  of  the  original  ore, 
besides  a  considerable  amount  of  silver ;  but  the  speiss  is  generall^^ 
very  poor  in  precious  metals,  and  is  generally  thrown  away. 

A  very  small  quantity  of  zinc  renders  both  the  matte  and  slag  sc 
pasty  that  perfect  separation  is  impossible ;  in  that  case,  each  po< 
of  slag  is  allowed  to  cool  for  10  minutes  after  being  filled,  or  until  s 
solid  '*  shell "  has  been  formed  j-1  in.  thick  all  round  against  the  iron ; 
the  still  liquid  interior  is  then  ^ured,  either  by  pricking  the  to^ 
crust  or  by  piercing  a  clay  plug  m  the  bottom.  Practically  aU  thi 
suspended  globules  of  matte  collect  in  the  *'  shell,"  which  weighs 
10  per  cent,  of  the  whole  potful ;  this  is  re-smelted. 

At  Leadville,  Colorado,  a  separate  furnace  is  employed  for  re^ 
smelting  *  slag,  being,  in  the  case  described,  merely  an  old  86  by  80  in. 
lead-furnace,  having  itscruqible  filled  with  well-tamped  sand  covered 
by  a  course  of  firebricka  The  rich  slag  averaged  5*3  os.  silver  pei 
ton,  and  8107  tons  were  smelted  in  one  month,  together  with  402  ton^ 
pyritous  copper  ores  averaging  10  per  cent,  copper  and  11  oz-  sihreil 
per  toiL  The  matte  produced  averaged  20  per  cent,  copper  asil 
93  *  3  oz.  silver  per  ton,  while  the  clean  slag  averaged  only  f  oz.  pezj 
ton ;  the  loss  of  copper  was  insignificant,  averaging  only  ^  per  oentj 
or  less.  The  fuel-consumption  was  1  to  10  of  charge  (as  against  1  to  5| 
for  the  original  ore-smelting),  and  the  total  expense  per  ton  of  material 
smelted  was  only  6«. 

Flue  dust  and  Fume. — ^Flue  dust  consists  essentially  of  fine  partid^s: 
*  H.  A.  KeUer,  Trans.  Amer.  Inat  Min.  Engs.,  1892. 
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of  ore  and  fael  carried  over  by  the  blast,  while  fame  is  lead  oxide  and 
sulphate  deposited  on  cooling.  The  two  are  of  necessity  intimately 
mixed  and  must  be  dealt  with  together.  The  material  often  aggror 
gates  2J-3  per  cent,  of  the  dry  ore  charged.  Its  composition  is  never 
definite.  While  containing  much  partially  oxidised  lead,  there  are  sure 
to  be  also  many  impurities,  notably  zinc,  arsenic,  and  antimony.  The 
essential  element  of  condensation  or  collection  of  the  fame  is  a  very 
long  flue,  in  the  construction  of  which  it  is  well  to  make  provision  for 
retardation  of  the  current  of  gases  through  it  on  their  way  to  the 
chimney.  Such  provision  may  be  made  by  giving  a  large  capacity  to 
the  flue;  by  giving  it  an  angular  or  zigzag  course;  by  interpolating 
large  chambers,  which  are  best  placed  at  the  far  end  of  the  flue,  or  at 
dgzags  in  its  course ;  by  introducing  baulks  or  mid-feathers  here  and 
there,  against  which  the  current  may  impinge ;  or  by  hanging  within 
the  flue  such  things  as  iron  hooping,  bushes,  old  nets,  &c.,  upon  which 
he  solid  matters  may  be  deposited.  These  various  contrivances  are 
idopted  at  difl'erent  works.  But  while  the  solid  element  of  the  fame 
an  be  arrested  in  this  way,  long  flues  have  no  influence  in  arresting 
he  escape  of  sulphurous  add  from  the  chimney,  and  ordinary  modes 
f  washing  with  water  &il  to  remove  more  than  a  moderate  proportion 
f  it.  Tlus  sulphurous  acid  creates  a  serious  muisance,  and  its  escape 
tnutilised  is  a  considerable  loss.  By  Wilson  and  French's  method, 
he  oooled  famace  gases  are  forced  through  water  in  such  a  way  that 
he  water  and  fume  are  brought  into  very  close  contact  and  thoroughly 
lixed  ;  the  solid  element  is  thus  effectually  wetted  and  retained  in 
he  water,  and  the  soluble  gases  are,  as  far  as  the  dissolving  power  of 
be  water  permits,  dissolved.  The  solid  matters  have  to  go  back  to 
be  smelting  famace,  but  are  always  troublesome  to  treat.  Moistening 
(  only  a  temporary  expedient  for  making  it  cake  into  a  solid  fomu 
.  better  procedure  is  to  mould  it  into  bricks  with  milk  of  lime ;  or, 
Btter  stiU,  if  obtainable  at  a  moderate  price,  to  bind  it  together  with 
solution  of  iron  sulphate.  When  thus  compacted,  it  may  be  added 
» the  charge  and  treated  as  ore.* 

New  Processes  for  Zinc-Lead  Sulphides. — The  flue  dust  and  fame 
ifficullnr  is  enormously  increased  in  the  case  of  zinc-lead  sulphide 
66,  ^which  are  daily  becoming  of  more  importance  as  the  mines 
aoh  greater  depths  and  the  (more  or  less)  oxidised  surface  ores  are 
Jiansted.  Enormous  quantities  of  such  ores  are  now  exposed,  and 
ntain  notable  proportions  of  the  precious  metals,  but  cannot  find  a 
ady  market,  because  their  zinc  contents  occasion  great  loss  and  iur 
Dvenienoe  in  ordinary  smelting  operations :  if  it  be  attempted  to 
IX  off  the  zinc,  volatile  metal  rises  to  the  throat  of  the  stack  and  is 
ere  oxidised,  forming  hard,  infusible  lumps,  and  compelling  frequent 
[>ppage8,  whQe  the  great  heat  necessitated  in  the  lower  part  of  the 
maoe  involves  considerable  loss  of  lead  and  silver  by  volatilisation ; 
the  mixed  ore  be  smelted  for  zinc,  the  associated  lead  forms  a  fusible 
m  pound  with  the  silicious  materials  of  the  retorts,  and  precludes 
coetsaful  results.  Something  may  be  done  by  mechanical  separation 
the  two  ores,  blende  and  galena,  as  already  described  (p.  521) ;  but 

*  See  T.  Egleitton,  '*  Collecting  Flue-dost  at  Enn,"  Ttans.  Amer.  In&i.  Min. 
1,^1883. 
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when  both  are  argentiferous  and  fine  grained,  such  a  method  is  im- 
practicable. Modified  smelting,  and  chemical  treatment  (wet)  in 
several  forms  have  attained  some  success. 

(a)  In  the  Lewis-Bartlett  process,*  the  smelting  aims  directly  ak 
causing  volatilisation  of  the  zinc,  special  means  being  adopted  for 
catching  the  zinc  oxide  and  lead  sulphate  fumes,  while  the  residiul 
matte  and  slag  contain  the  iron,  some  lead,  and  most  of  the  silver, 
and  are  fit  for  charging  the  ordinary  smelting  furnace.  The  oc^ected 
fumes  are  sold  as  white  pigment. 

At  the  works  of  the  richer  Lead  Co.,  Joplin,  Missouri,  the  prooes 
has  long  been  used  on  rich  galena.  The  ore  is  first  roasted  in  s  modi- 
fied  Scotch  hearth  (called  a  Jumbo  or  Mofifet),  producing  in  pig-kad 
about  60  per  cent,  of  the  lead  in  the  ore,  and  a  large  quantity  of  kad 
slag  and  lead  fumes.  The  Jumbo  or  Moffet  ore  heartn  has  a  lioUoir 
cast-iron  back  perforated  with  5  or  6  holes,  the  single  baok  serving 
for  both  sides  of  the  furnace.  The  lower  part  is  a  dam  of  oast  iron, 
which  reaches  to  the  bottom  of  the  basin,  except  where  it  is  cut  away 
at  one  comer,  to  allow  the  metal  to  be  drawn  off  from  one  side.  Being 
hollow,  this  dam  is  always  filled  with  molten  metal.  The  air  supplied 
to  this  hollow  back  is  made  to  pass  through  the  side  walls  of  thi 
hearth,  in  order  to  heat  it.  The  basin  is  only  8  in.  deep,  and  the  lead 
running  out  of  the  overflow  is  drawn  from  the  bottom  of  the  batii  by 
a  tapping  pipe  reaching  nearly  to  the  bottom  of  the  basin.  The  ore 
is  fed  on  to  the  hearth,  mixed  with  coal  and  lime :  to  1  ton  of  ore, 
\  cwt.  lime  and  1  cwt.  coal.  The  blast  is  supplied  by  a  Baker  blow^. 
and  as  the  lead  is  melted  it  runs  over  into  a  receiver,  from  which  it  is 
cast  into  pigs,  which  are  afterwards  desilverised.  The  peculiarity  ol 
this  process  is  that  it  makes  comparatively  little  difference  wheUier 
the  lead  is  obtained  in  this  or  in  a  subsequent  operation.  A  hot  and 
strong  blast  can  therefore  be  used,  and  labour  is  greatly  economiiwd ; 
4  men,  2  on  each  side,  can  smelt  7  tons  of  ore  in  8  hours ;  or  12  men« 
working  3  shifts,  can  put  through  21  tons  in  24  hours.  An  additional 
man  can  bring  all  the  coal  and  mne  required.  By  the  Scotch  health, 
a  similar  yield  would  have  required  32  men.  Leas  skilled  men  may 
be  employed.  The  slag  and  fumes,  together  with  considerable  second- 
grade  ore,  are  treated  in  the  pigment  furnaces,  water-jacketed  lov 
cupola  blast  famaoes.  The  charge  produces  in  these  fumaoee  a 
portion  of  metallic  lead,  and  a  large  quantity  of  lead  sulphate  vdati- 
fises.  The  vapours  are  oxidised,  and  drawn  by  a  fan  through  ccm- 
ducting  pipes  into  bag  condensers.  This  sublimed  white  leadj 
consists  mainly  of  an  amorphous  sulphate  and  oxide  of  lead  inci- 
dentally containing  4-5  per  cent,  zinc  oxide.  The  produc^on  of 
this  material  grew  from  3^  million  lb.  in  1890  to  8  million  in 
1893. 

The  process  has  lately  been  established  at  Canon  City,  Colcu^o, 
on  argentiferous  zinc-lead  sulphides,  carrying  2-30  per  omt.  lead, 
12-28  zinc,  10-38  iron,  0-10  copper,  5-38  silica,  and  4-29  <».  silvo-. 

•  Prof.  W.  BamBay,  "  Lewia-Burtlett  Process  of  Lead  Smelting,**  JndttstrMv; 
E.  W.  Hftwker,  •*  The  F.  L.  Bartlett  Zinc-Lead  Process ; "  P,  P.  Dewev,  -Lewa- 
Bartlett  Bag  Process  for  catching  Lead  Fumes,"  Trans.  Amer.  Inst  Im.  Engi^ 
xviii.  674. 
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The  reqnisiies  for  suooess  are: — (1)  Oheap  flaming  fael — e.  g.  bitu- 
minonB  ooal ;  (2)  iron  ore  either  as  oxide  or  pyrites,  the  latter  being 
especiallj  desirable  if  it  contains  silver;  (3)  oopper  ore  containing 
about  3  per  cent,  copper  for  the  formation  of  copper  matte  to  collect 
the  silver. 

Ores  containing  25  per  cent,  zinc  and  over  are  crashed  to  pass  a 
4-inesh  screen,  ana  mixed  by  an  Archimedian  screw  with  an  equal 
balk  of  fine  coal.  The  mixture  is  moistened  and  charged  in  lots  of 
600  lb.  into  a  furnace,  of  which  the  grate  consists  of  perforated  plates, 
the  charge  being  spread  on  the  grate  in  a  layer  about  4  in.  deep.  Air 
is  forced  through  the  charge  from  below  at  a  pressure  of  about  2  oz. 
per  sq.  in.,  and  a  sufBcient  quantity  of  air  is  also  forced  through 
openings  in  the  sides  of  the  furnace  above  the  layer  of  the  ore  to 
prevent  the  formation  of  sulphuric  acid  with  the  hydrocarbon  vapour. 
The  burning  is  completed  in  about  4^  hours,  when  the  charge,  which 
has  not  been  touched  during  the  operation,  is  in  the  form  of  a  sintered 
mass,  ready  to  go  to  the  blast  furnace,  containing  the  silver  and  other 
Qon-volatiie  metals  and  some  zinc.  All  the  lead,  and  most  of  the  zinc, 
is  volatilised,  and  collected  in  the  form  of  fume,  out  of  which  the  pig- 
ment is  made.  Iron  pyrites,  when  neoessary  for  a  flux,  is  charged 
Into  a  somewhat  similar  furnace  and  treated  in  a  sitnilar  manner, 
except  that  only  enough  slack  coal  is  used  to  start  the  pyrites  burning, 
their  sulphur  contents  being  sufficient  to  supply  the  requisite  fuel 
tieat,  whue  a  higher  blast  (4  oz.  per  sq.  in.)  is  used,  the  burning  being 
completed  in  |-1  hour.  Sinter  from  the  zinc  ore  is  mixed  with  the 
3umed  pyrite,  copper  ore,  fluxes,  and  fuel  in  the  requisite  proportions, 
md  is  smelted  at  a  high  temperature  in  a  water-jacketed  furnace  of  a 
greater  proportional  length  than  that  of  the  ordinary  blast  furnace. 
Host  of  the  zinc  left  in  the  charge  passes  off  in  the  form  of  a  fume, 
^hich  is  saved,  while  the  copper  matte  which  collects  the  silver  runs 
nto  an  outside  crucible  with  the  slag,  and  is  tapped  from  time  to  time. 

Ores  containing  about  22  per  cent,  zinc  or  less  are  smelted  directly 
Q  a  special  furnace  with  the  jproper  mixture  of  copper  ore,  fluxes,  and 
uel.  This  furnace  is  water-jacketed,  and  has  two  rovra  of  tuyers  on 
ach  side,  the  upper  ones  being  about  10  in.  above  the  lower.  The 
>wer  blast  is  supplied  under  a  pressure  of  about  2  lb.  per  sq.  in.,  and 
%  preferably  a  hot  blast.  The  upper  blast  is  cold,  and  run  under  a 
ght  pressure.  The  ore  and  fuel  are  fed  together  continuously  in  a 
bin  layer  12-18  in.  deep.  For  fuel,  a  mixture  of  coke  and  coal 
greenings  is  used,  amounting  to  \  the  weight  of  the  ore.  The  blast 
-om  the  lower  tuyers  plays  upon  the  bath  of  molten  matter,  scorify- 
ig  it,  and  volatilising  all  the  lead  and  most  of  the  zinc,  which  pass 
or,  thjTOUgh  the  thin  myer  of  the  unmelted  portion  of  the  charge,  in 
10  form  of  fume.  The  upper  tuyers  deliver  a  blast  at  the  top  of  the 
larK^  thus  serving  to  keep  up  the  necessary  combustion,  and  prevent- 
Lg  the  condensation  of  the  volatile  compound  rising  through  it.  The 
>pper  matte  which  collects  the  silver,  as  in  the  first  method,  runs 
ito  an  exterior  crucible  with  the  slag,  and  is  tapped  occasionally. 

The  matte  contains  as  much  as  65  per  cent,  oopper  and  250  oz* 
Iver  per  ton.  The  slag  contains  6-10  per  cent  zinc  and  f-1^  oz. 
I  ver  per  ton  of  ore  treated,  no  lead,  and  only  a  trace  of  copper. 
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The  fumes  from  all  the  furnaces,  oonsisting  of  &e  zinc,  lead,  a&d 
other  volatile  elements,  are  drawn  forth  into  chambers  by  means  of 
exhaust  £Bkns,  and  then  forced  through  iron  cooling  conduits  into  long 
bags  hanging  &om  the  roof  of  a  building  at  some  distance  &om  the 
smelters.  The  gases  pass  through  the  bags,  where  the  solid  oont«ita 
of  the  fumes  are  caught,  from  time  to  time  shaken  down  \nto  can, 
taken  to  the  refinery,  and  subjected  to  a  low-red  heat  in  a  doeed  tube 
containing  a  screw,  which  keeps  the  material  in  constant  motion.  By 
t^  means  aU  the  deleterious  volatile  elements  are  removed,  and  tli^ 
product  is  a  marketable  white  pigment  containing  35-40  per  cent 
oxysulphate  of  lead  and  55-60  per  cent,  zinc  oxide. 

Some  ores  lose  silver  heavily  and  others  hardly  any,  oree  oontain- 
ing  copper  or  iron  pyrites  losing  much  less  than  others.  Ab  mudi  as 
95  per  cent,  has  been  recovered,  but  generally  the  salva^  is  between 
70  and  85  per  cent.  Theoreticallv,  the  loss  of  silver  should  be  confined 
to  that  in  the  pigment  and  that  in  the  slags,  L  e.  in  the  former  aboat 
1  oz.  and  in  the  Tatter  1^-2^  oz.  per  ton  of  ore  treated;  but  there  is  & 
variable  loss  somewhere  between,  which  has  never  been  disooveied. 
(Later  returns  show  the  silver  loss  to  be  under  2  oz.  per  ton  of  ore 
treated,  while  there  was  a  gain  in  the  lead  and  gold  over  the  assay  of 
the  raw  ore\*  The  cost  of  treatment  at  Canon  City  is  2O-40«.  (average 
25<.),  incluaing  the  production  of  the  pigment  and  matte.  The  prio& 
of  slack  coal  delivered  at  the  works  is  2#.  per  ton ;  of  coke,  20^.  per 
ton  at  Canon  City.  The  cost  of  a  plant  to  treat  250  tons  of  ore  per 
day,  producing  about  20  tons  of  pigment  and  40  tons  of  matte,  is 
60,0002. 

(6)  The  Pamell  process  was  successfully  worked  for  some  years 
near  Swansea.  It  depends  on  the  fact  that  when  blende  is  roasted 
l¥ith  access  of  air,  the  zinc  is  converted  partly  into  oxide  and  partlj 
into  sulphate,  both  amenable  to  lixiviation,  the  former  with  water 
and  the  latter  with  dilute  acid.  The  following  operations  are  en- 
tailed:— ^roast  at  low  heat;  leach  with  water;  heat  residue  with 
dilute  snlphuiic  acid  in  revolving  lead-lined  pans ;  leach  with  water 
and  add  liquor  to  previous  one;  precipitate  copper  by  scrap  iron; 
evaporate  liquors  down  to  a  moist  paste ;  add  \  of  its  dry  weight  of 
finely  powdered  blende ;  dry ;  calcine  in  muffle ;  smelt  residue  of  zinc 
oxide.  The  leached  ore  after  calcination  makes  an  argentiferous  iron- 
lead  suitable  for  ordinary  smelting.  The  sulphurous  acid  escaping 
from  the  blende  roaster  and  from  the  sulphate  caloiner  is  utilisea  for 
making  sulphuric  acid.  Jhe  yield  was  80  per  cent,  of  the  zinc  in  a 
metallic  form,  with  a  loss  of  4  per  cent,  each  of  the  lead  and  silver. 
The  cost  is  about  25<.  a  ton  in  Wales,  where  the  sulphurous  acid  is 
utilised. 

(c)  The  West  process  *  has  found  successful  application  on  zinc- 
lead  sulphides  from  the  Silver  Valley  mine.  North  Carolina.  The 
operations  are : — ^roast ;  cool ;  moisten  with  water ;  place  on  a  layer 
of  pebbles  in  a  false-bottomed  tank ;  force  the  sulphurous  acid  firom 
the  roaster  with  a  jet  of  steam  through  the  ore  in  the  tank,  thus  con- 
,,«^;^gr  the  oxide  into  sulphite  and  ultimately  sulphate ;  remove  tiw 
"separate  tank ;  leach  with  water ;  pass  gaseous  ammonia  into 
RDunenp,  **  Treatment  of  Zino-Lead  Sulphides,"  Mineral  Indoaliy,  189& 
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the  liquor,  thus  precipitating  zino  hydrate ;  transfer  liquor  (ammonium 
sulphate  solution)  to  a  still,  add  lime,  and  heat,  reKenerating  ammonia ; 
dry  the  leached  ore  (containing  the  iron,  lead  and  precious  metals)  on 
an  iron  floor  heated  by  the  roaster,  when  it  can  be  smelted  in  the 
usual  way.  The  process  is  much  too  complicated  and  costly  for  wide 
application,  and  only  affords  80  per  cent,  of  the  lead  and  70  per  cent, 
of  the  zinc  (as  oxide^  at  best. 

(d)  Electrolysis  (with  a  carbon  anode)  may  be  applied  to  the  zino 
solution  for  liberating  the  sdnc  as  metal,  and  the  acid  solution  may 
then  be  used  for  treating  fresh  quantities  of  zinc  oxide,  thus  making 
the  consumption  of  acid  almost  nominal.  This  feature  has  been  taken 
advantage  of  in  the  Letrange,  Siemens-Halske,  and  other  processes, 
bnt  is  not  yet  developed  in  a  practical  and  economical  form,  the  plant 
being  too  costly  for  a  limited  output. 
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MANGANESE. 

Though  manganese  is  very  widely  disseminated,  it  is  often  onlyu 
gan^e  matter  possessing  no  valne ;  its  combinations  and  associatuws 
in  t£is  character  are  exceedingly  nnmerons.  On  the  other  hand,  its 
industrially  useful  ores  are  veiy  few  and  not  commonly  enooonteied 
in  great  bulk ;  they  are  confined  to  oxides  and  (rarely)  carboniie. 
Of  oxides  and  hydroxides  there  are  also  a  number  possessing  no  com- 
mercial value.  Practically  the  only  ores  sought  and  mined  are  ss 
follows : — 

Pyrolusite,  or  peroxide,  MnOj,  with  63  per  cent,  manganese. 

Braunite,  or  sesquioxide,  Mn^Os,  with  69  per  cent,  manganese. 

Psilomelane,  of  indefinite  composition,  containing  bitriiun  and 
other  impurities. 

Manganite,  or  hydrated  sesquioxide,  MujOsyHjO. 

Diallogite,  or  carbonate,  with  45  per  cent,  manganese. 

The  ores  are  rarely  found  in  such  a  state  of  punly  as  to  be  deemed 
specific  minerals ;  they  are  rather  mixtures  in  all  proportions  of  tk 
several  oxides  with  ferrous  and  ferric  oxides,  silica,  piioephoma,  ^ 
Sometimes  an  attempt  is  made  in  the  trade  names  to  distinguidi  the 
quality  of  the  ore :  thus — "  pyrolusite  "  when  the  assay  gives  nearly 
80  per  cent,  peroxide  (MnOj), "  black  oxide  "  when  it  runs  below  75  per 
cent.,  and  *'  manganiferous  iron  ore  "  when  the  percentage  is  verj  low: 
but  these  distinctions  are  arbitrary  and  useless.  Manganese  occnrrii^ 
with  silver  ores  is  sacrificed  to  the  more  valuable  metaL  M»b* 
ganiferous  iron  ores  have  a  usefulness  in  making  spiegeleisen  eTe 
when  low  in  manganese ;  and  a  similar  application  is  found  for  tk 
manganiferous  zinc  ores  of  Franklin  and  Sterling,  New  Jersey,  after 
extraction  of  the  zinc,  the  residue  being  known  as  '*  clinker." 

The  British  home  production  of  manganese  ore  is  now  bo  ridics- 
lously  disproportionate  to  our  consumption — about  800  tons  as  agaiz^ 
a  yearly  importation  of  over  100,000  tons — that  but  little  intew* 
attaches  to  it,  and  apparently  it  is  dying  out.  The  greater  part  Ij 
far  is  mined  in  Merionethshire,  and  is  of  very  poor  quality  except  it 
freedom  from  phosphorus,  giving  80  per  cent,  manganese,  24  ua^ 
2  iron,  and  *  02  phosphorus. 

The  French  mines  at  Las  Cabesses,*  Pyrenees,  are  remari»l^ 
producers  and  geologically  interesting,  the  exhaustion  of  the  saife* 
deposits  of  black  oxide  (pyrolusite)  having  led  to  the  disooreiT  <' 
lower  accumulations  of  impure  carbonate  (diallogite),  contaiDit| 
45  per  cent.  metaL  The  geological  formation  is  shown  in  Fig.  ^^ 
the  lower  beds  a  are  Silurian  schists,  overlaid  unconformably  by  ci^^ 

♦  C.  A.  Moreing,  "  The  Manganese  Mines  of  Las  Cabesses,  Pyrenees,  ?»■* 
Trans.  Inat.  Min.  and  Met.,  iii.  250. 
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schists  h  (Lower  Devonian),  which  pass  imperceptibly  in  plaoes  into 
mixed  strata  of  grwUt  or  spotted  marble  and  limestone  c  (Middle 
Devonian),  followed  by  a  bed  d  of  pure  qrioifA  (Upper  Devonian),  and 
this  by  the  coal  measore  shales  e. 
The  manganese  deposit  is  concen- 
trated at  /,  but  all  the  Devonian 
beds  contain  a  percentage  of  the 
metaL     The  rich  deposit  /has  been 
opened  for  a  length  of  200  ft.,  a 
width  of  over  160  ft.,  and  a  depth 
of  230  ft.     The  strata  strike  E.-W., 
and  dip   regularly  N.  about  72°. 
The  formation  of  .the  deposits  is 
attributed*  to  metasomatic  inter- 
change between  the  limestone  and        Fio.  158.— Manoakbsb  Deposits, 
manganiferous  solutions-;  their  dis-  ^^  Cabbbsibs. 

tribntion    is   very  irregular,  and 

well-defined   boundaries   are  wanting.    The  output  is  now  about 
100  tons  a  day. 

Spain  possesses  important  deposits!  of  manganese  as  lenticular 
masses,  situated  along  lines  of  weakness,  and  probably  consisting 
originaUy  of  carbonate  which  has  subsequently  been  altered  by 
silicioos  solutions,  and  the  outcrops  oxidised  by  atmospheric  agencies. 
The  surface  workines  are  on  black  oxide,  changing  in  depth  to 
carbonate  (diallogite;  and  silicates  (tephroite  and  rhodonite).  The 
average  contents  are  40  per  cent,  manganese  (raw),  12-20  silica,  and 
•l-*2  phosphorus.  The  silica  can  be  to  some  extent  reduced  by 
hand-picking ;  and  the  black  oxide  and  carbonate  ores  do  not  exceed 
*08  per  cent,  phosphorus.^ 

Very  important  deposits  of  high  grade  ore,  carrying  56-62  per  cent, 
manganese,  and  only  *  83-2 -30  silica,  and  *  74-1 -85  phosphorus,  are 
now  being  energetically  worked  at  Covadonga,  and  will  probably  soon 
have  an  influence  on  the  market.  The  mineral  can  be  delivered  in  an 
English  port  at  a  cost  of  little  more  than  30«.  a  ton.§ 

The  Caucasian  deposits  are  very  extensive,  forming  a  vein  2-8  ft. 
thick  which  outcrops  on  both  sides  of  the  river  Ewirua,  near  a  town 
of  that  name  on  the  Baku-Batoum  railway.  Mining  and  transporta- 
tion are  in  the  crudest  state,  and  only  about  one-third  the  product 
comes  to  market.  Assays  show  about  55  per  cent,  manganese,  li^6j^ 
silica,  and  -15- -2  phosphorus. 

Sweden  affords  a  small  quantity  of  ore  showing  about  47  per  cent, 
manganese,  16  silica,  and  -01  phosphorus. 

Indian  manganese  ores  average  49  per  cent,  manganese,  3  silica, 
and  *  13  phosphorus. 

Japanese  shipments  go  high  in  metal  (52  per  cent.),  but  carry 
9  silioa  and  *  1  phosphorus. 

•  E.  Hooper.  t  O.  E.  GolUns.  X  W.  G.  Bowie. 

I  See  J.  A.  Jones,  *'The  Govadonga  Manganese  District  and  its  Mines,"  and 
F.  Johnson,  **  The  Manganese  Deposits  of  HueWa,"  in  Trans.  Inst  Min.  and  Met, 
Marohl895. 
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Most  of  the  manganese  ore  of  the  United  States*  is  prodnoedin 
the  States  of  Virginia,  G^rgia  and  Arkansas,  mentioned  in  tbe  order 
of  the  quantity  of  ore  raised;  while  smaller  amounts  are  derived 
from  Leadville,  Colorado,  San  Joaquin  County,  California,  and  the 
Lake  Superior  region  of  Michigan.  The  Crimora  mine,  Virginia,  ii  tiie 
largest  in  the  country.  The  containing  clay  bed  is  over  300  ft.  ihict 
The  ores  occur  in  pockets,  which  as  a  maximum  are  5-6  ft.  thick  and 
20-30  ft.  long,  and  of  lenticular  shape.  Other  irregular  stnngen 
and  smaller  masses  run  through  the  clay,  which  preserves  the  strne- 
ture  of  the  original  rock.  Potsdam  quartzite  underlies  it.  Aooordiiig 
to  C.  K  nall,t  black  oxide  of  manganese  occurs  in  the  Potsdam  Band- 
stones  of  this  region  in  greater  or  less  amount.  It  is  often  noticeable 
as  a  black  stain  on  the  rooks  or  as  minute  specks  or  particles  through- 
out the  mass,  but  no  workable  bodies  have  been  found  within  ^ 
Potsdam  sandstone.  He  concludes  that  the  ore  originates  from  the 
Potsdam  sandstone,  where  it  exists  disseminated  throughout  the 
rocks.  The  water  draining  from  the  mountain  area  east  of  the  daj 
basin  carries  the  mineral  with  it  in  minute  quantities,  and  redepositi 
it  in  the  clay  which  fills  the  basin.  The  largest  and  best  depodts  of 
ore  have  been  discovered  directly  beneath  the  course  of  the  brook  ai^ 
immediately  upon  its  entrance  to  the  clay  area.  The  ore  is  found  in 
irregular  bodies  in  various  parts  of  the  clay  mass.  Clay  seems  to  he 
essential  to  its  formation  or  redeposition.  It  is  seldom  found  in  saodj 
ground,  and,  when  it  is  thus  found,  one  is  led  to  the  belief  that  ckj 
originally  formed  part  of  the  mass,  and  has  been  subsequently  wished 
out.  A  piece  of  sandstone  imbedded  in  clay  will  sometimes  beoosae 
so  much  impregnated  with  the  black  oxide  of  manganese  as  to  be  in 
fact  a  silicious  manganese  ore.  To  Hall's  mind  it  appears  that  the 
water,  laden  with  its  particles  of  manganese  minerals,  becomes  reuid^ 
upon  reaching  the  (day  mass,  and  a  separation  takes  place  more  or 
less  rapidly.  The  high-grade  ores  contain  48^-50^  per  cent,  man- 
ganese, 10  silica,  and  *09-*l  phosphorus. 

Other  similar  bodies  occur  at  Lyndhurst  and  elsewhere  in  th« 
Great  VaUey  of  Virginia.  Less  important  deposits  are  found  at 
higher  horizons.  Cartersville,  Oeorgia,  is  second  to  Crimora  in  pro- 
duction. The  ores  again  occur  in  pockets  in  a  stiff  clay,  and  art 
associated  with  quartzite,  which  may  be  Cambrian  (Potsdam)  ^^ 
Upper  Silurian  (Medina).  They  contain  34-44  per  cent,  mangane^. 
7-16  silica,  and  'OS-*  16  phosphorus. 

The  manganese  deposits  of  the  Batesville  region,  Arkansas,  (Kxnx 
in  an  area  of  Silurian  and  Carboniferous  rocks.  The  ores  are  ^^ 
in  a  red  clay,  which  has  resulted  from  the  decay  of  a  crystalfe*; 
Silurian  limestone  (St.  Clair),  called  by  the  miners  "grey  wek. 
The  deposits  are  usually  capped  by  a  mass  of  broken  chert  1-60  f- 
thick,  of  Lower  Carboniferous  age ;  it  represents  the  remains  of » 
solid  stratum  which  originally  overlaid  the  St,  Clair  limestoifc 
When  the  limestone  decayed,  the  chert  sank  down  on  the  res^^ 
day  left  by  the  limestone,  and  became  distorted  and  shattered.    Ti^ 

♦  E.  A.  F.  Penrofle,  •  Manganese;  its  Uses,  Ores,  and  Deposits,'  1^0. 
t  "  Notes  on  the  Manganese  Ore  Deposit  of  Crimora,  Virginia,"  Tran*.  S»^ 
Inst.  Min.  Engs.,  June  1891. 
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ore  in  tlie  clay  occurs  in  mticli  the  same  way  as  it  did  in  the  original 
limestone ;  that  is,  in  irregular  pockets,  masses,  sheets,  or  as  scatteiied 
nodules.  Sometimes  the  clay  is  barren  of  ore  for  considerable  dis- 
tances; at  other  times  the  ore  is  abundant.  In  some  places,  where 
the  limestone  has  not  decayed,  the  ore  can  still  be  seen  in  it  in  sUu. 
The  ores  contain  50-53  per  cent,  manganese,  1*7-2*9  silica,  and 
•16-*  35  phosphorus. 

At  Leadville  and  vicinity,  considerable  quantities  of  manganese 
and  manganiferous  iron  ores,  obtained  from  the  silver  deposits,  are 
used  as  a  flux  in  silver-lead  smelting,  or  as  a  source  of  spiegeleisen 
and  ferro-manganese.    These  ores  contain  25-40  per  cent,  manganese. 

Quite  productive  deposits  are  found  in  pockets  at  Markhamville, 
King's  County,  New  Brunswick,  in  Lower  Carboniferous  limestone. 
Some  thousands  of  tons  have  been  shipped.  Other  mines  are  situated 
ftt  Quaco  Head.  At  Tenny  Cape,  in  the  Bay  of  Minas,  Nova  Scotia, 
is  another  deposit  in  Lower  Carboniferous  limestone,  which  has 
furnished  several  thousand  tons  of  ore.  Others  less  important  occur  on 
Oape  Breton.  The  Nova  Scotian  ore  contains  47  per  cent,  manganese, 
7-8  silica,  and  '01  phosphorus. 

The  Virginian  and  other  day  deposits  are  worked  by  shafts  and 
]  rifts,  the  loose  character  of  the  ground  necessitating  much  timbering, 
rhe  clay  ore  is  usuallv  washed  in  an  iron-ore  washer,  or  in  revolving 
jylinder  screens,  or  (the  smalls)  in  jigs. 

The  Cuban  *  manganese  ores  are  chiefly  pyrolusite  and  psilome- 
ane,  though  wad  is  found  in  some  quantity.  The  deposits  most 
>ccur  associated  with  jasper  and  in  vertical  veins,  which  in  places 
lave  nndergone  decomposition  into  clay.  In  the  latter  case  it  some- 
imes  happens  that  several  hundred  tons  of  exceUent  ore  are  found  in 
me  body,  but  for  the  most  part  the  ores  occur  as  lumps  of  various 
izes,  more  or  less  mixed  with  clay  and  fragments  of  jasper.  The 
arge  lumps  can  be  handnsorted,  but  the  small  ones  can  be  saved  only 
»y  washing.  In  some  of  the  mines  the  amount  of  '*  waste-ore  "  appears 
0  warrant  the  erection  of  a  plant  to  reclaim  it  The  quality  of 
hipped  ore  is  good,  averaging  45-53  per  cent,  manganese,  4-9  silica, 
M  *03— *  1  phosphorus.  Much  of  it  can  be  mined  in  open  cut  with 
»ick  and  shovel,  costing  6s.  a  ton  for  mining  and  6«.  packing,  freight 
.nd  charges  bringing  up  the  total  to  about  50«.  a  ton  in  Philadelphia. 

Chilian!  manganese  mining  is  concentrated  in  two  centres, 
]!oquiinbo  and  Carrizal.  The  beds  worked  in  the  province  of  Co- 
Tiimbo  are  chiefly  surface  deposits,  requiring  no  expensive  or  scien- 
ific  mining.  The  cost,  therefore,  of  producing  the  ore  is  trifling ; 
he  ore  runs  in  ridges,  the  tops  of  which  are  visible,  the  ore  being 
xtracted  chiefly  by  crowbar  and  sledge.  The  great  expense,  how- 
ver,  is  the  cost  of  transportatiou.  The  ore  from  this  district  contains 
onsiderable  peroxide,  and  is  softer  than  that  from  the  Carrizal  district, 
^he  latter  is  found  in  nearly  vertical  lodes  of  a  few  inches  to  about 
0  ft.  -wide  or  more,  but  the  common  width  is  about  3  ft.  There  were 
eavy  outcrops  on  the  surface  forming  waUs  or  dykes  10  ft.  or  more 
igh.  These  were  worked  as  open  quarries,  but  now  the  ore  is  usually 
'orked  underground  as  mines.  The  walls  of  the  lode  are  not  well 
•  E.  J.  Chibw.  t  J.  'D.  Weeks. 
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formed,  nor  is  there  any  natural  cleavage  between  the  ore  and  ths 
walls ;  the  manganese  is  not  regularly  continuous  for  any  great  •dtf- 
taDce ;  there  are  sudden  *'  faults "  or  disappearances  of  the  ore,  it 
having  been  pushed  to  one  side  or  other,  maMng  it  difScultto  findtbe 
lode  again.  The  ore  is  hard  and  brittle,  with  a  glassy  fracture,  and 
has  no  soft  powder-like  deposits  as  some  of  the  Coquimbo  manganeee. 
Every  pound  of  it  must  be  taken  out  by  blasting.  Assays  of  Chiliu 
manganese  show  50-63  per  cent,  manganese,  4-7^  silica,  and  *02-*OS 
phosphorus.  A  very  large  proportion  relatively  of  the  metal  ii 
present  as  protoxide.  Next  to  the  calcined  carbonate  of  Las  CabesKi 
it  is  the  most  highly  prized  product  for  the  steel  maker. 

Australian  samples  of  manganese  ore  have  given  48  per  cent,  nun- 
ganese,  3  silica,  and  «8  phosphorus;  and  New  Zealand  shipments, 
63  per  cent,  manganese,  8  silica,  and  *  07  phosphorus. 

Treatment, — The  carbonate  ore  of  Las  Cabesses  is  calcined  in  kilns 
similar  to  those  used  for  roasting  iron  carbonate,  consisting  (Fig.  159) 

of  a  cylindrical  i^eet-iron  shell  a,  open 
at  both  ends,  lined  with  fire-brick  k 
and  restiug  on  iron  standards  c  aboit 
3f1 
16 


Fig.  159.— Makoanese  Calcinino     J?' 

FUBNAOE.  Th 

for 
charging  goes  on,  one  layer  of  ore 
about  one-third  of  the  kiln  is  fill< 
continued  in  the  same  manner  to 
and  on  the  fourth  day  the  material 
bring  air  into  the  kiln,  and  preve: 
into  lumps.  After  having  thus  bej 
the  kilns  are  filled  to  the  top  with 
When  charging  the  kilns  for  the  fi 
chosen,  so  that  the  draught  may 
kilns  are  in  operation,  the  layers  n 
nmall.  The  whol^  must  be  arrang 
The  third  day  after,  the  kilns  are  fi 
to  say,  the  bringing  down  of  the  o 
ore  is  added  on  top.  i  When  the  k 
the  sixth  day— there!  are  3  drawii 
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ours  regularly ;  and  by  tluB  means  S-10  tons  caloined  ore  are  drawn 
at  of  ea^  kihi  in  24  hours.  When  the  kilns  are  properly  started, 
le  working  only  requires  care,  and  drawing  and  filling  at  regular 
itervals.  The  ore  is  broken  for  the  furnace  to  pieces  not  larger  than 
-5  in.  square,  and  the  smallest  stuff  put  in  is  of  the  size  of  walnuts, 
he  proportion  of  the  different  materials  introduced  are : —  14  wheel- 
irrows  of  large  ore,  with  8  of  small  stuff,  to  2  of  coke.  The  layers 
llow  each  other  regularly,  and  are  arranged  so  that  in  the  centre  of 
le  kilns,  as  well  as  at  the  sides,  there  is  cSways  big  stuff,  whilst  the 
sail  ore  occupies  the  intermediate  space;  the  large  pieces  of  ore 
tow  the  air  to  circulate,  and  form  a  kind  of  chimney,  while  the  coke 
spread  out  as  regularly  as  possible,  and  forms  a  thin  cover  over 
oh  layer  of  miner^.  The  proportion  of  coke  used  is  2^^  per  cent. 
'  weight,  of  the  raw  mineral.  The  loss  in  weight  of  ore  by  roasting 
32  per  cent,  on  the  average,  which  may  be  regarded  as  a  very  good 
lult,  as  the  mineral  contains  83*36  per  cent,  carbonic  acid. 

The  ore  as  broken  in  the  mine  contains  much  marble  or  barren 
ktter;  consequently  cobbing  and  hand*  picking,  both  before  and 
«r  calcination,  are  resorted  to.  The  picking  ore  before  calcination 
insufficiently  done,  owing  to  lack  of  water  and  mechanical  appli- 
3es.  Most  of  the  ore  of  *'  walnut "  size  is  not  assorted  at  all,  but 
30  direct  to  the  second  class  kiln.  All  large  stuff  is  tipped  on  a 
.tform  and  washed  by  hand  pump  or  syringe.  When  the  ore  is  of 
»d  quality,  the  sterile  rock  and  second  (uass  ore  are  picked  out,  the 
aainder  going  direct  to  the  first  class  kilns.  When  of  lower  grade, 
•  barren  rock  and  first  class  ore  are  picked  out  by  hand,  the  rest 
Dg  seoond  dass.  All  mineral  having  a  preponderanoe  of  "  smalls  " 
tipped  on  an  iron  grizzly  (having  spaces  of  2  in.  between  bars),  and 
omall  stuff  which  passes  between  the  bars  is  then  classified  by  a 
tnmel  (holes  {  in.  square),  worked  by  hand,  from  which  tbe  "  coarse  " 
m  direct  to  the  second  class  kilns  without  assorting,  and  the  '*  fine  " 
>Aded  direct  into  waggons  and  sold  as  ''  raw  product."  The  larger 
see  which  fail  to  pass  through  the  grizzly  are  hand-sorted  into 
bB,  seconds,  and  waste.  After  calcination,  the  ore  from  the  first 
10  kilns  (except  the  larger  pieces,  which  are  picked  out  and  loaded 
»  waggons  direct  as  firsts;  is  tipped  on  to  inclined  fioors  and 
iflrted — i.  e.  all  that  is  waste,  or  doubts,  or  insufficiently  calcined 
i^ed  out.  The  smaller  stuff  (maximum  size,  hazel  nut)  is  put  to 
<bA  class,  the  balance  going  to  first  class.  The  ore  from  the  second 
s  kilns,  after  being  watered  in  order  to  slake  the  lime  that  it  cod- 
m^  is  dumped  on  to  another  part  of  the  inclined  floors,  and  the 
0d  lime  and  fines  are  taken  out  of  it  by  a  trommeL  The  ore  as 
cbd  fi>T  market  purposes  is :  *'  1st  class  calcined,"  50-54  per  cent. 
•Hie  manganese;  ''2nd  class  calcined,"  43--45  per  cent.;  ''raw 
taet,"  33-36  per  cent.  The  silica  is  6-9  per  cent. ;  phosphorus, 
L— ^MS  per  cent. 

"WmmMTce, — The  manganese  ore  trade  has  undergone  great  changes 

I  last  few  years.     Until  recently,  its  chief  application  was  in  the 

"■      ire  of  chlorine,  when  the  value  depended  •  on  (a)  the  avail- 

ide ;  (6)  the  absence  of  carbonates  (of  calcium,  &c.),  which 

letter  from  F.  Glaudet,  Assayer  to  the  Bank  of  England,  Oct  5, 1891. 
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would  constiine  hydrocUoric  acid,  and  would  evolve  carbonic  add- 
which  latter  has  a  most  deleterious  effect  in  the  manufacture  of 
bleaching  powder;  (c)  the  physical  condition,  hard  ores  reqniiing 
excess  of  acid  and  steam  for  their  solution.  Now  the  consampdon  i 
manganese  in  the  chemical  trade  is  quite  paltry  compared  with  tk 
quantity  absorbed  in  making  manganese  steel.  In  this  case,  the 
whole  manganese  contents  are  available,  and  the  impurities  to  k 
avoided  are  silica  (English  smelters  demand  under  7  per  cent),  aoi 
phosphorus  (not  exceeding  \  per  cent.).  In  the  United  States  pnfi« 
are  based  on  ores  not  containing  more  than  8  per  cent,  sitica  and  1 
per  cent,  phosphorus,  and  deductions  are  made  of  7dL  per  ton  for  ead 
unit  of  silica  above  8  per  cent.,  and*  of  ^  per  unit  of  manganese  far 
each  y\y  per  cent,  in  excess  of  •  1  per  cent.  Ores  are  bought  as  low  as 
12-16  per  cent,  manganese,  at  say  7jd.  per  unit ;  at  each  4  per  cent 
advance  in  manganese  the  price  per  unit  rises  1(2.,  up  to  40  per  cent.: 
above  that  it  advances  Id.  for  each  2  per  cent,  additional,  up  to  ^ 
maximum  of  49  per  cent. 

Covering  the  last  5  or  6  years,  statistics  show  the  productian  of 
manganese  ores  to  be  exceedingly  irregular,  and  approximately  u 
follows : — 

Tons  Yearly. 

Caucasufl         50,000-135,000 

ChUi        20,000-  50,000 

United  States 4,000-30,000 

France     500-  25.000 

Cuba        1,500-  16,000 

Japan      0-  15,000 

Greece      400-  15,000 

Great  Britain 800-13,000 

Spain       3,000-  10,000 

Australia 800-    9,000 

Turkey 200-    8,000 

Portugal 2,000-    6,000 

Sweden 1,000-    5,000 

Bosnia      0-    4,000 

India        0-    2,500 

Italy         0-    1,600 

New  Zealand 0-    1,100 

New  Brunswick     0-    1,100 

Holland 0-    1,100 

Noya  Scotia 0-200 

Total 150,000-250,000 
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MERCURY. 

Mrrcurt  (qTUcksilver)  is  found  to  a  limited  extent  i] 
bat  most  commonly  iu  association  with  sulphur.  ' 
phide,  cinnabar,  HgS,  contains  about  86  per  cent 
sulphur.  There  is  also  a  black  sulphide,  called 
found  in  one  locality  in  California ;  and,  in  Califom 
snlphoselenide  named  guadalcazarite  (81^  per  cent 
phor,  6^  selenium)  is  sometimes  encountered.  Ai 
frequent  companion,  but  not  in  chemical  union.  Cic 
the  only  ore  of  industrial  importance.  It  occurs  as 
porous  rocks  (especially  sandstones)  of  various 
owing  its  origin  to  the  influence  of  basaltic  or  andoE 

Mercury  is  not  a  widely  diffused  metal,  and  itc 
dnction  is  somewhat  restricted.  Approximately,  tl 
consumption  is  supplied  as  follows,  the  figures  refe 
76J  lb.  each  :—  Spain,  48,000-52,000 ;  Austria,  16,0C 
12,000 ;  United  States,  23,000-33,000 ;  total,  95,00( 
additional  quantities  are  obtained  from  Servia,  Rus 
Borneo,  and  Mexico.  'Peru  was  at  one  time  an  impo] 
but  has  long  ceased  to  famish  any. 

Spain's  yearly  product  is  almost  entirely  deriy< 
brated  Almaden  mmes,  situated  on  the  northern  si 
Morena.  The  metal  occurs  as  the  common  native  su 
impregnating  sandstone  beds  of  Silurian  and  Dei 
principal  deposits  dip  nearly  vertical  and  have  b 
length  of  600-700  ft  and  a  width  of  40  ft.  From  n 
of  mineral  raised  in  1892,  the  yield  was  8  per  ceni 
ore  of  the  El  Porvenir  mines  at  Mieres  only  affords 
its  yearly  output  of  5000-6000  tons.  The  workings 
are  now  at  a  depth  of  over  1000  ft. 

At  the  Imperial  mines  of  Idiia,  Camiola,  Ausi 
occurs  in  rocks  of  Triassic  age  both  in  veins  and  as 
the  beds  of  shale,  conglomerate,  and  dolomitic  bre 
cover  an  area  of  over  100  acres.  Much  of  the  oi 
before  being  crushed  in  breakers  and  stamps  ready  f 

The  Bussian  mines  near  Bakhmont,  Ekaterinosla 
corial  impr^nations  of  permeable  sandstones.  Tb 
20,000  pouds  (of  36  lb.  each)  annually.  Considerab 
reported  from  Daghestan,  Caucasia. 

American  mercury  deposits  are  found  in  woi 
almost  solely  in  the  coast  range  of  California,  i 
to  have  followed  great  basaltic  and  andesitic  er 
Pliocene  age.     At  New  Almaden,  cinnabar  occurs 
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crystallised  and  cbaloedonio  quartz,  calcite,  dolomite,  and  magnedtej 

forming  a  "  stockwork  **  in  shattered  metamorphio  rocks  (sandstone,! 

serpentine,   psendo-diabase,   and    psendo-diorite).      The   two  maiii 

fissures  form  a  sort  of  V,  with  a  wedge  of  country  rock  betwe^;  and 

the  ore  is  found  in  both  fissures  and  wedge,  associated  with  mud^ 

attrition  clay  and  bitumen.    A  rhyolite  dyke  runs  parallel  to  M 

fissures  and  is  thought  by  Becker  *  to  be  responsible  for  the  depoatal 

At  New  Idria,  the  ore  is  deposited  in  shattered 

metamorphic    rocks    of   Neooomian   (Lowe< 

Cretaceous)  age,  and  in  overlying  Chico  beds^ 

and  is  accompanied  by  bitumen.  Other  nuDe^ 

have  been  opened  in  regions  of  metamorphic 

and  unaltered  sedimentary  rocks  pierced  bj 

basalt  and  andesite.     Fig.  160  shows  a  aectioi^ 

of  the  Great  Western  mine:  a,  serpentise; 

6,  band  of  black  opaline  mineral  called  by  tlu 

miners  "  quicksilver  rook  " ;  c,  slightly  altered 

Neooomian  sandstone ;  (2,  ore  body.  AtSteun* 

boat  Springs,  Nevada,  cinnabar  aooompanid 

by  many  other  minerals  is  still  in  actual  pn> 

cess  of  formation.     Granite  is  the  principal 

rock,  overlaid    by   metamorphic  Jura-Triai 

deposits,   with    much   andesite    and  basalt 

Becker  attributes    the  ore   to    the  granital 

whence  it  has  come  up  in  solution  withsodind 

Fig.  160.  sulphide. 

Mbbcuby  Dbpobit,  jq^^^  Almaden  is  a  striking  example  ol 

California.  ^^  irregularity  of  the  deposits.     It  has  ofted 

occurred  in  the  history  of  the  mine  that  ther« 

was  no  ore,  or  scarcely  any,  in  sight,  and  looked  as  though  the  mii^ 

must  of  necessity  have  been  shut  down ;  it  has  only  been  by  mosi 

careful  and  continuous  prospecting  that  it  was  possible  to  keepnptb^ 

production.     Very  frequently  large  bodies  of  ore  will  almost  eon^ 

pletely  run  out,  and  there  will  l«  visible  in  the  face  of  the  worq 

only  a  slight  colouration  of  vein  matter,  but  by  following  out  thii 

little  string  of  ore  very  carefully  it  may  lead  to  a  large  deposit    At 

New  Idria  the  mine  timbers  decay  in  an  unusually  short  time,  vA 

two  men  are  kept  constantly  employed  in  replacing  the  old  ones  b^ 

new.     This  rapid  decay  is  more  marked  during  sultry  weather,  wh«^ 

the  draft  in  the  tunnel  is  almost  nil,  and  the  atmosphere  oppressiTej 

Timbers  immersed  in  water,  or  kept  constantly  wet,  do  not  seem  tq 

be  so  affected.     Dry,  seasoned  wood  lasts  longest.     Timbers,  a^ 

having  stood  in  place  for  only  36  hours,  accumulate  a  mildew  1  ii^ 

thick. 

Statistics  of  Americanf  mercury  production  show  that  the  yi^l^ 
has  decreased  from  36  per  cent,  in  1850,  to  20  in  1860, 10  in  1866^ 
6  in  1870,  3  in  1880,  and  2  in  1890.  The  11  mines  working  in  1889 
obtained  from  *l^.  to  2 '3  per  cent,  mercury  per  ton  roasted,  th^ 
average  being  only  1*088  per  cent,  on  93,000  tons  or©  roasted  vsA 

♦  G.  P.  Becker,  "Quicksilver  Deposits  of  the  Pacific  Slope,"  Monogiaph XHl 
U.S.  Geol.  Sur.  f  J.  B.  Randol,  Census  Bulletin  No.  10. 
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26,600  flasks  merotuy  produced.  The  average  cost  of  mining  per  ton 
roasted  has  grown  from  about  82«.  in  1880  to  nearly  60«.  in  1890 ; 
v^hile  the  total  cost  per  ton  roasted  has  fluctuated  between  50^.  anc^ 
72«. ;  and  the  cost  per  flask  (76^  lb.)  has  risen  from  48«.  in  1880  to 
5i.  in  1889-91,  and  9/.  10».  in  1892. 

Mexico  possesses  considerable  resources  in  mercury,  not  yet 
leveloped.  Near  Arichuivo  occur  five  seams  of  cinnabar  in  poiphyry. 
The  Guadaloazar  deposits  occur  mainly  as  layers  in  limestone,  but 
rregular  networks  of  vein,  or  "  stockworks,"  are  also  found.  Much 
)f  the  ore  is  said  to  yield  11-12  per  cent.  The  chief  ore  is  cinnabar, 
)fteo  hepatic,  and  sometimes  accompanied  by  the  seleno-sulphide 
gaadalcazarite).  Calcspar  and  fluorspar  are  the  gangue  minerals, 
in  the  state  of  Guerro,  cinnabar  deposits  are  worked  on  a  small  scale 
it  Huitzuco,  about  60  miles  north  of  Tixtla.  The  deposits  here  are 
)ocket6  of  various  dimensions  and  layers ;  veins,  however,  are  known 
0  exist  in  disturbed  metamorphic  slates  and  limestones.  The  deposit 
(f  Teposcolula  is  a  vein  between  metamorphosed  limestone  and  slates, 
rhe  ore,  which  is  also  argentiferous,  is  livingstonite,  a  sulphide  of 
utimony  containing  mercury. 

In  Queensland  and  New  South  Wales,  alluvial  deposits  of  cinnabar 
•ecur,  those  at  Kilkivan*  in  the  former  colony  being  profitably 
forked.  The  "  lodes  "  which  have  furnished  these  alluvial  "  leads  " 
xist  variously  in  mica  and  chlorite  schists ;  in  beds  of  sandstone, 
arbonaceous  shale  and  conglomerate ;  in  coarse  grained  granite,  and 
lot  far  from  the  junction  of  the  granite  and  an  altered  poi-phyritic 
ock.  Sometimes  there  is  a  regular  "  stockwork  "  of  veins,  the  richest 
f  which  run  about  N.W.-S.E.  Some  of  the  veins  have  little  or  no 
latrix,  but  consist  of  small  bunches  of  gre  in  the  granite.  Others 
ontain  a  matrix  of  quartz  and  calcite.  In  one  shaft,  30  ft.  deep, 
\  a  distinct  lode  2^^  ft.  wide,  consisting  of  a  granitic  material  with 
alcareous  clay  veins  running  through  it.  Near  the  surface  were  very 
Lch  patches  of  high-grade  ore — that  is  to  say,  ore  containing  about 
0  per  cent-  mercury— in  bunches  up  to  6-7  in.  wide.  The  ore  is 
ighly  crystallised.  The  mercurial  wash-dirt  before  alluded  to  consists 
f  a  granite  drift,  with  large  pebbles  of  the  altered  porphyritic  rock ; 
t  contains  small  waterwom  pieces  of  cinnabar  throughout  it,  and 
coasional  pieces  of  over  1  lb.  in  weight.  The  wash-dirt  is  about 
ft.  thick.  Drives  have  been  put  in  across  the  drift  for  a  distance 
f  25  ft,  and  cinnabar  has  been  obtained  throughout.  While  the  dirt 
dll  not  pay  to  carry  away  for  treatment,  it  can  be  profitably  sluiced. 
Q  1891,  1 J  tons  of  mercury  was  obtained  from  28  tons  veinstone 
lined  in  the  coarse-grained  granite,  or  a  yield  of  5  *  3  per  cent. 

TrecAiMfnX, — The  separation  of  the  mercury  from  the  associated 
ilphnr  is  effected  by  roasting  in  kilns  and  condensing  the  mercurial 
imee,  effective  condensation  and  prevention  of  loss  in  escaping 
apours  being  the  most  troublesome  operations.  Furnaces  of  many 
nrma  and  designs  have  at  different  times  been  introduced,  and  the 
»oet  recent  model  used  at  Almaden  is  shown  in  Fig.  161.  Two  are 
nployed,  one  for  rock  up  to  2  cc.,  and  the  other  for  mineral  not 
cceeding  10  cc.  The  hearth  is  an  inclined  plane  constructed  of  fire- 
•  W.  H.  Rands,  Queeusland  Geol.  Reports,  1886,  1892. 
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brick,  7^  ft.  wide  by  about  24  ft.  long,  the  grade  of  which  is  equal  to 
or  a  little  steeper  than  the  natural  elope  of  the  fines.  At  every  13  in. 
this  floor  has  a  rise  of  1  in.  It  is  divided  by  partitions,  10  in.  higK 
into  12  channels  4  in.  wide,  in  which  the  ore  runs ;  these  vertical 
partitions  are  of  firebrick.  Transversely  in  the  channels,  and  sup- 
ported on  their  partitions,  are  placed  some  bricks  called  toeot 
("stoppers")  which  are  above  the  floor  of  the  hearth  about  1^  in., 
this  being  the  thickness  of  the  ore  in  each  channel.  Arranged  in 
the  same  way  are  others  situated  immediately  at  the  bottom  of  the 
rises  and  at  the  same  distance  from  the  hearth  as  the  "  stoppers,** 
which  serve  to  break  up  the  fine  ore  on  them  so  as  not  to  present 
invariably  the  same  surface  to  the  action  of  the  heat.  On  the  lower 
part  of  the  hearth  is  another  inclined  plane  a  at  right  angles  to  it, 
from  which,  at  the  point  where  it  commences,  it  is  situated  as  many 
centimetres  as  the  thickness  of  the  covering  of  ore ;  this  is  also  divid^ 
into  channels,  but  is  smooth.     The  ore,  already  calcined  on  the  fint 
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ore  remaiiiB  subjected  to  the  action  of  the  heat  about  4  hourd ;  for  the 
charge  beiug  made  at  2 .  30  p.m.,  it  passes  in  front  of  the  bridge  at 
6.40,  and  leaves  the  second  plane  at  7.45  p.m.,  the  capacity  of  the 
channel  admitting  about  950  lb.  The  fines,  now  calcined,  are  ejected 
by  a  hopper  to  a  passage,  whence  they  are  taken  out  in  cars.  They 
do  not  now  contain  more  than  '02- '04  per  cent,  mercury. 

The  condenser  is  formed  by  two  series  of  chambers,  the  first  of 
which  communicates  with  the  furnace  by  a  throat  0,  in  the  shape  of 
a  trunoated  pyramid  of  iron  plate  protected  with  brick.  The  6  cham- 
bers d  which  constitute  this  first  series  are  of  brick,  with  thin  walls, 
and  are  divided  by  partitions  which  have  openings  arranged  for  the 
passage  of  the  fumes,  so  as  to  run  in  double  zigzag.  The  bottom  of 
each  division  is  farmed  of  two  inclined  planes,  whose  intersection  has 
a  small  incline  towards  a  channel  common  to  all  the  chambers,  in 
which  is  collected  the  mercury  condensed  in  them.  The  bottoms  are 
of  iron  plate  in  the  3  chambers  nearest  to  the  furnace,  and  of  slate  in 
thoae  farthest  away,  this  arrangement  being  in  consequence  of  the 
iron  being  attacked  by  the  mercury  in  the  latter.  The  last  part  of 
the  condenser  is  formed  of  wooden  chambers  A  with  glass,  divided  into 
4  parts  by  vertical  partitions.  These  chambers,  like  the  former,  are 
arranged  so  that  the  air  can  circulate  below  and  around  the  sides,  and 
allow  of  observation  in  case  of  any  filtration  of  mercury  through  the 
bottoms.  The  temperature  of  the  fumes  observed  at  different  points 
is  shown  to  be,  after  travelling  850  ft.  in  tJie  brick  chambers,  and 
those  of  "wood  and  glass,  the  lowest  possible  in  relation  to  the  tempera- 
ture of  the  surrounding  air ;  consequently  the  condensation  is  effected 
under  the  best  possible  conditions,  so  that  almost  all  the  mercury  is 
deposited  from  the  fumes  in  the  chambers.  The  cost  of  calcination 
is  about  1«.  a  flask  (Spanish)  or  1^.  a  lb.,  half  being  for  labour  and 
half  for  fueL 

The  New  Idria  furnaces  are  fashioned  after  those  at  Idria  in 
Austria,  being  square,  about  30  ft.  high,  10  ft.  wide,  and  12  ft.  long, 
fed  at  the  top  by  a  drop-hopper  at  the  rate  of  1  ton  an  hour,  and 
holding  24  tons  when  fulL  They  employ  2  men  per  shift  of  12  hoiirs 
on  ea<£  furnace,  and  consume  1  cord  of  wood  (manzanita  and  oak, 
costing  26«.  delivered)  every  24  hours. 

At  the  Oipsy  works  in  Merced  County,  the  old-fashioned  retort 
system  is  in  vogue,  treating  1200  lb.  per  24  hours  of  6  per  cent, 
dressed  ore. 

A  great  many  new  forms  of  furnace  have  been  introduced  at 
various  times  in  Oalifomia,  the  main  features  in  which  have  been 
arrangements  to  secure  automatic  working  and  the  substitution  of 
fiins  or  blowers  for  tall  chimneys.  The  operation  demanding  most 
attention,  however,  is  condensation,  a  loss  of  10-15  per  cent,  taking 
place  even  in  well-equipped  works  through  inefficient  condensation  of 
the  niercurial  vapours.  It  has  been  laid  down  as  an  axiom  that  the 
ratio  of  condenser  volume  to  the  furnace  volume  shall  be  as  24  to  1, 
but  it  is  difficult  to  see  the  value  of  such  a  formula,  as  much  must 
depend  on  the  heat  at  which  the  vapours  leave  the  furnace,  the  speed 
at  which  they  flow,  and  the  opportunities  provided  for  cooling  them. 
By  controUing  the  draft  with  a  fan  instead  of  a  chimney  it  is  possible 
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and  obviously  adyisable  to  prolong  the  condensers  as  long  as  they 
oatoh  anything. 

Amonff  the  most  sucoessfal  American  furnaces  is  that  of  B.  J. 
Enox,  a  uiaft  furnace  with  fireplace  at  the  side,  shown  in  Fig.  162. 
It  is  39  ft.  high,  rectangular  in  shape,  with  the  fireplace  17  J  ft.  from 
the  bottom.  At  top  it  is  2  ft.  square,  but  widens  to  7  ft  at  a  deptk 
of  4  ft,  and  at  the  fireplace  the  section  is  7  ft.  by  2  ft.  Towards  the 
drawhole,  the  area  is  contracted  till  it  is  only  2  ft  The  fireplace  b 
fed  with  hot  air.  The  walls  are  built  6  ft.  thick,  and  tied.  The 
cubic  contents  of  the  furnace  equals  75  tons  of  ore,  of  which  1  ton  per 
hour  is  drawn  out,  so  that  each  ton  is  in  the  furnace  3  days,  dnzioj^ 
part  of  which  time  it  is  cooling  ready  for  being  drawn.  Feeding  ii 
done  by  an  automatic  car  holding  a  ton,  which  removes  and  replaoef 
the  lid  on  the  charging  hole  c.  The  flue  d  for  exit  of  gases  is  of  oast 
iron,  18  in.  diam.,  and  16  ft.  high  where  it  enters  the  oondensen  e. 
The  calcined  ore  is  drawn  into  cars  that  run  on  the  rails/,  andtk 
mercury  flows  into  the  receptacles  A.     Two  furnaces  are  usuadly  Inilt 


Fig.  162.— Enox  Fubnacb. 

together,  as  shown.    The  draft  is  produced  by  Boot's  blowers.    TIm 

labour  required  is  as  follows: — A  single  ftirnaoe  treating  24  tons  a 

day  requires  6  men ;  a  double  ftimace  treating  48  tons  needsjB  nkeo; 

a  quadruple  furnace  treating  100  tons  em] 

densers  are  connected  together  by  iron  pii 

floors  are  inclined  at  an  angle  of  15-20^    T 

long,  2^  ft.  wide,  5  ft.  high  at  one  end  and 

wooden  frames  on  a  cement  floor ;  they  ar 

transportation,  &c.     The  top-piece  is  36  in. 

projection  on  the  piece  below  the  top  ;  its  si 

mg  water.     A  manhole  gives  access  for  o 

The  acid  liquors  which  condense  flow  to  the 

each  set  of  condensers  clamped  wooden  bo 

30  in.  square  conduct  the  remaining  vapoun 

and  4  ft.  square  filled  with  stones  over  whi 

solid  soot  collected  from  the  condensers  and 
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)f  the  mercury  recovered,  and  is  treated  with  lime  in  retorts  9  ft 
oDg,  30  in*  wide,  and  18  in.  high.  The  total  cost  of  calcining  ore  in 
iie  Knox  fomace  at  the  Redington  mine,  on  a  2  years'  run  with  a 
lonble  fdmaoe,  including  repairs,  was  about  d«.  9(2.  a  ton.  The  cost 
>f  the  double  furnace  and  condensers  was  about  12,000Z.  The  cast- 
ron  condensers  were  afterwards  replaced  by  wooden  (1 J  in.  plonk) 
itmctures  of  the  same  pattern  but  double  the  size,  at  much  less  cost, 
Jid  were  foand  equally  efficient. 

At  the  Abbott  mine  in  Lake  County  the  furnaces  used  are  a  Ejiox- 
kbome  of  6  tons  capacity  for  coarse  ore  and  a  Hughes  of  similar 
ispaoity  for  fines.  The  dimensions  of  the  Enox-Osbome  furnace  are 
approximately  14  by  20  by  31  ft.  The  firedoors,  one  of  which  is 
itaated  at  each  end,  are  about  15  ft.  below  the  charging  floor,  and 
he  discharge  for  the  roasted  ore  is  about  15  ft  below  i£e  firing  doors. 
Phis  furnace  consumes  only  \  cord  of  wood  in  24  hours,  the  heat 
teing  maintained  to  a  great  extent  by  the  roasting  ore.  The  vapours 
«88  into  an  iron-lined,  brick  condensing  chaml^r,  wherein  a  large 
mount  of  soot  accumulates,  and  thence  into  6  iron  and  2  wooden  con- 
tensers,  cooled  by  water.  Most  of  the  mercury  is  caught  in  the  first 
'  condensers.  The  cost  of  a  12-ton  Enox-Osbome  furnace  is  about 
000/.  In  the  Hughes  furnace  the  fine  ore  descends  an  incline  of 
bout  45^.  The  flame  from  a  fireplace  at  each  end  passes  over  the 
orface  of  the  ore.  The  roasted  ore  is  discharged  from  a  shute  in  the 
ide  between  the  fire-doors.  This  furnace  consumes  about  1}  cords  of 
rood  a  day,  and  is  not  considered  satisfactory.  The  vapour  passes 
nto  an  iron-lined  dust  chamber,  where  the  soot  principally  collects, 
nd  thence  into  4  iron  and  2  wooden  condensers,  cooled  by  water.  A 
toot  suction  blower,  running  slowly,  draws  the  vapours  of  both 
omaoes  from  the  condensers  into  a  50-ft  wooden  flue,  uie  escape  pipe 
f  which  extends  about  60  yd.  downhill  at  an  an^e  of  about  60^. 
lie  sooty  some  60  per  cent  of  which  is  finely  divided  quicksilver,  is 
forked  with  caustic  lime,  which  causes  the  tiny  globules  to  collect 
*he  residue  is  returned  to  the  furnace. 

At  the  New  Almaden  mines,  the  ore  is  brought  from  the  mines  to 
be  reduction  works  in  cars  run  by  gravity  pulleys,  and  is  dumped 
ito  shutes,  where  screens  set  at  an  ancle  of  45°  separate  it  into  three 
Lzes — *•  granza,"  coarse  ore ;  "  granzita,  medium-sized ;  and  **  tierras,** 
ne  ore*  The  last  grade  was  formerly  made  into  bricks,  and  treated 
I  ftn  intermittent  furnace  togetiier  witii  coarse  ore.  A  great 
3onomy  is  now  effected  by  wor&g  the  fine  ore  alone,  in  the  tierras 
omaoes.  Such  ore  as  needs  drying  is  dried  either  by  spreading  out 
od  exposing  to  the  sun,  or  in  an  upright  chamber,  heated  by  the 
aponrs  and  hot  air  passing  from  the  tierras  furnace.  The  dry  ore  is 
isoharged  at  the  bottom  of  the  drying  chamber,  and  is  elevated  to 
le  oharffing  floor  by  means  of  a  water  hoist,  a  tank  of  water  being 
lade  to  balance  a  car  full  of  ore. 

The  dry  fine  ore  is  run  by  trucks  from  the  elevator  to  the  top  of 
le  tierras  furnace,  where  it  is  dumped  into  a  hopper,  the  throat  of 
hioh  closes  with  a  sUde-vidve,  whicm  sustains  the  charge  of  the  ore 
[>pper  until  needed,  and  shuts  off  any  vapours  which  might  otherwise 
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escape  from  the  heated  ore  below.  When  this  slide- valye  is  opened,  a 
charge  of  ore  drops  into  the  throat  of  the  furnace,  which,  when  filled 
with  ore,  naturally  assists  in  keeping  down  the  vapours.  From  ben 
the  ore  falls  upon  a  series  of  tiles,  set  one  above  another  in  the  brick- 
work of  the  furnace,  each  one  inclined  toward  the  one  below  at  ^ 
angle  of  about  45*^.  Each  hopper  feeds  two  sets  of  such  tiles,  tnd 
each  furnace  is  partitioned  ofif  into  3  compartments.  The  firing  fio(? 
is  about  12  ft  below  the  charging  floor.  Here  a  fireplace  runs  acma 
one  side  of  the  furnace,  being  fed  at  both  ends  with  4-ft.  sticks  of  oaL 
pine,  or  redwood.  The  flame  reverberates  on  the  arched  roof  of  tk 
fireplace,  and  passes  through  holes  in  a  wall,  which  divides  the  fiI^ 
place  from  the  main  body  of  the  furnace.  Crosbing  the  or&-kd££ 
tiles  to  the  opposite  side,  the  flame  enters  a  chamber,  the  arched  rcKf 
of  which  again  causes  it  to  reverberate  across  the  furnace.  TLis 
reverberating  process  is  repeated  a  third  time.  Each  reverberatkn 
heats  a  separate  tier  of  ore-laden  tiles.  The  vaporous  product  of  tlic 
furnace  passes  by  means  of  an  air  pipe  through  the  hollow  walls  of 
the  drier  into  the  condenser.  Each  double  set  of  inclined  tiles  ter- 
minates in  **  boshes,"  in  which  the  roasted  ore  collects,  to  be  finallr 
discharged  from  3  openings,  regulated  by  a  shaking  table  at  cie 
bottom  of  the  furnace. 

The  granzita  resembles  the  tierras  furnace,  except  that  the  t£ei 
are  a  little  farther  apart,  and  there  is  no  shaking-table  at  the  base. 
The  cool  roasted  ore  is  raked  out  from  the  places  of  discbarge  at  tbe 
bottom  of  the  furnace. 

The  hopper  of  the  granza  furnace,  which  protrudes  aboTe  tb 
charging  floor,  is  covered  with  a  lid  closing  with  a  water-tight  jcant, 
the  rim  of  this  lid  being  submerged  in  a  circular  trough  surroundiBf 
the  hopper,  to  prevent  the  escape  of  vapours.  TlJough  this  bd 
passes  a  rod  connected  with  a  plug,  so  fitted  to  the  bottom  of  tbi 
hopper  that  by  depressing  the  rod  the  plug  is  lowered,  and  tbe  os- 
tents  of  the  hopper  emptied,  and  by  elevating  the  rod  it  is  tigbtlr 
closed.  This  furnace  is  charged  by  lifting  the  air-tight  cover  ani 
dumping  1600  lb.  of  ore  into  the  hopper.  The  cover  is  then  let  dova* 
the  plug  at  the  bottom  of  the  hopper  is  lowered,  and  the  charge  ii 
admitted  into  the  furnace.  The  body  of  the  furnace  is  modelled  aft^ 
the  cupola.  Below  the  charging  floor  the  furnace  is  encircled  br » 
pipe,  with  which  smaller  pipes,  or  delivery  tubes,  leading  from  xss^ 
are  connected.  The  mercurial  vapours  ascend  in  the  furnace,  throogi 
the  delivery  tubes  to  the  outside  conducting  pipes,  and  thence  to  ts 
condensing  chamber.  About  20  ft.  below  the  piping  is  the  fiii^ 
floor,  where  3  fireplaces  lead  into  the  body  of  the  furnace,  and  are  f^ 
with  wood  4  ft.  long;  12  ft.  beneath  the  firing  floor  is  the  groo^ 
floor  and  point  of  discharge ;  between  it  and  the  firing  floor  the  bcdy 
of  the  furnace  constitutes  a  cooling  chamber  for  the  roasted  ore,  wbii 
is  from  time  to  time  raked  from  three  points  of  discharge  at  the  bi» 
of  the  furnace.  This  furnace,  which  is  principally  used  for  the  higbtf* 
grade  ore,  has  a  capacity  of  19,200  lb.  in  24  hours.  „, 

The  condensing  chamber  attached  to  the  tierras  furnace  ^^ 
serve  as  a  representation  of  those  in  use  at  these  works.  Tbi* 
chamber  is  35  ft.  long,  20  ft.  high,  and  20  ft.  wide.     The  intOTX  ^ 
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ooled  by  11  pipes  the  length  of  the  chamber.  Any  unoondensed 
rapouTS  which  may  pass  through  the  chamber  are  conducted  into  a 
Ine  where,  by  the  aid  of  a  fan,  they  are  conveyed  a  distance  up  an 
Qcline  900  ft.  to  a  brick  stack  80  ft.  high. 

The  chief  consumption  of  mercury  is  in  metallurgical  operations 
or  recovering  precious  metals.    The  English  trade  is  in  few  hands 
nd  oontroU^  by  powerful  capitalists.     The  market  value  is  abou 
«.  a  lb.y  but  is  not  constant. 
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NICKEL. 

Both  geographically  and  mineralogioally  nickel  is  a  wide-ranging 
metal,  yet  commercial  supplies  are  drawn  from  restricted  areas.  The 
principal  ores  of  nickel  are : — 

Millerite,  BulpMde,  NiS oontaining    64  per  cent  nickeL 

Niooolite,  arsenide,  NiAs ^  44  „ 

Pentlandite,  snlphide,  (NiFe)8      ....  „  34}  ,, 

Annabergite,  hydrated  arseBiate    ....  „  33}  ^ 

Gersdorffite,  sulph-anenide,  Ni(ABS/  ..  ,,  32^  „ 

Siegenite,  cobalt  pyrites ^  29-30  „ 

Gamierite  (nonmeaiteX  indefinite  silicate  „  7-26  », 

Nickeliferoos  pyrrhotite  and  ohalcopyrite  ^  3  „ 

Previous  to  the  New  Caledonian  discoveries,  Cornwall  prodooed 
some  nickel  ore  from  the  Pengelly,  the  Fowey  Consola,  and  the 
St.  Austell  Consols  mines.  The  ore  tiien  realised  80-84Z.  a  ton ;  now 
it  is  only  wortJi  15-202.  In  Scotland  some  nickeliferous  pyrrhotite 
canjing  3  per  cent,  metal  was  raised  at  one  time. 

Li  Germany,  nickel  ore  has  been  discovered  recently  in  the 
Schlei&teinthal,  Upper  Harz,  in  spiriferous  sandstone  of  the  Uppa 
Devonian  formation.  In  the  fault  fissure,  which  is  plainly  marked  by 
selvages,  and  also  in  the  adjacent  country  rock,  are  found  streaks  and 
veinlets  of  nickel  ore.  The  width  of  these  veinlets  varies  frtim  1  to 
12  in.  The  vein  matter  consists  of  fragments  of  the  country  rock, 
caldte  and  pyrite,  together  with  the  nickel  mineral,  which  is  a  sulph- 
arsenide.  Galena  and  blende,  which  occur  in  the  other  veins  of  the 
district,  are  wanting.  The  proportion  between  mineral  and  vein 
matter  is  variable,  but  not  infrequently  the  whole  of  the  screak  is 
solid  mineral.  The  clean  ore  carries  30  per  cent.  nickeL  The  dty 
slate  and  mica  schist  district  near  Schneeberg,  Saxony,  oontaii^ 
numerous  lodes  in  a  zone  6  miles  by  2. 

In  Sweden,  nickeliferous  pyrrhotite  is  found  in  some  abundance, 
notably  at  St.  Blasien,  Elefra  (Smaland),  and  Saffmyra  (Daleoailia> 
These  mines  have  Ions  been  worked,  the  ore  affording  ^-2^  per  cent 
nickel  and  some  cobalt.  The  production  of  metallic  nickel  20  yeai» 
ago  was  60-80  tons  per  annum,  now  it  is  only  10-15. 

Norway*  produces  yearly  5000-7000  tons  of  nickel  ore  (pyrite  and 
pyrrhotite),  principally  at  Moss,  RingeriKC,  Snarum,  and  Tra^erd.  In 
some  mines,  rich  ore  has  been  found,  &ough  in  small  bodies,  e.  g. 
7  per  cent,  at  Beiem,  and  5^  per  cent,  in  other  places ;  but  while  in 
the  best  mines  first-class  smelting  ore  up  to  3^^  per  cent,  can  be 
sorted  out,  the  bulk  is  much  lower.     In  1870,  a  yield  of  -8-1 -3  per 

•  J.  H.  L.  Vogt,  Zeit  f.  Prakt.  GeoL,  1893,  p.  143. 
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c^nt.  from  ore  assaying  •  9-1  •  5  per  cent,  was  satisfactory ;  now  dressing 
is  resorted  to  so  that  the  yield  from  the  smelter  is  1^-2^  per  cent.  In 
the  best  mines,  the  cost  of  producing  1  metric  ton  of  2  per  cent,  ore 
varies  from  6«.  to  12^.,  and  avenges  about  9«. 

The  Canadian  mines  at  Sudbury,  Ontario,  were  originally  worked 
for  copper,  which,  though  present  in  somewhat  greater  proportion  than 
he  nickel,  has  an  inferior  value.  The  nickel  and  copper  bearing 
nineral  deposits  apparently  in  most  instances  form  portions  of  igneous 
nasses,  consisting  of  diorites,  diabases  and  their  corresponding  altered 
bnns.  The  name  '*  greenstone  "  is  commonly  applied  to  the  group, 
rhese  masses  are  usually  extremely  irregular  in  surface  outline,  but 
n  the  main  appear  to  be  conformably  bedded  with  the  crystallised 
edimentary  strata,  quartzites,  schists,  greywaokes  and  clay  slates  of 
he  Huronian  masses,  and  the  gneisses  of  the  Laurentian  masses. 
Granite,  syenite  or  felsite  frequently  intervenes  between  the  green- 
tone  and  the  Laurentian  gneisses,  and  again  massive  quartzite  is  in 
mmediate  contact.  The  nickel  and  copper-bearing  greenstone,  as 
ndicated  by  surface  exposures,  is  chiefly  included  in  Huronian  strata, 
requently  in  the  vicinity  of  the  contact  with  Laurentian  masses,  and 
Ifio,  apparently,  to  a  limited  extent  occurs  within  the  Laurentian 
trata.  It  has  not  been  determined  by  developments  thus  far  whether 
he  character  and  quality  of  the  deposits  vary  materially  according  to 
heir  position.  Large  and  small  deposits  and  relatively  high  gntde 
ad  low  grade  mineral  aggregates,  occur  within  relatively  narrow 
mfines,  under  the  several  conditions.  The  richest  ores,  however,* 
3  determined  by  analyses  of  average  samples,  have  been  derived  from 
eposits  in  the  vicinity  of  the  irregular  contact  between  the  Huronian 
ad  Laurentian  formations. 

The  mines  may  be  roughly  divided  f  into  8  classes : — (a)  those 
hich  are  composed  of  extremely  massive  pyrrhotite,  and  are  of  such 
lormous  extent  that  as  yet  no  idea  of  their  boundaries  has  been 
btained  ;  (h)  those  which  contain  more  rock  material,  and  which  are 
988  extended  in  size,  though  much  richer  in  both  copper  and  nickel ; 
'.)  those  which  are  not  only  as  extensive  as  (a)  but  nearly  as  rich 

As  an  example  of  class  (a),  the  Stobie  mine  may  be  cited.  Before 
eing  opened  at  all,  it  simply  appeared  to  be  an  immense  rounded 
ill  of  red  gossan.  As  to  the  length,  tbe  outcrop  shows  it  to  continue 
I  a  more  or  lees  unbroken  condition  for  some  miles.  Upon  removing 
lis  gossan,  which  consists  of  a  brown  iron  ore  in  regular  stratified 
yers  (the  product  of  the  decomposition  of  the  pyrrhotite),  the  un- 
tered  pyrrhotite  in  a  massive  condition  is  encountered  within 
-6  fL  of  the  surface.  At  intervals  limited  bands  of  rock  occur,  and 
xatsionally  considerable  horses  of  diorite  or  of  mixed  ore  and  rock ; 
at  as  a  rule  the  ore  is  massive  pyrrhotite,  with  occasional  pockets 

very  pure  chalcopyrite,  and  not  infrequently  rounded  and  even 
igular  occluded  masses  of  diorite,  from  the  size  of  a  chestnut 
)  to  boulders  weighing  many  tons.     The  position  of  the  ground  is 

*  E.  B.  Bash,  '♦  The  Sudbury  Nickel  RegioD,"  En.  and  Min.  Jl. 
t  E.  D.  Peters,  ^  The  Sudbury  Ore  Deposits,"  Trans.  Amer.  Inst  Min.  Eogs., 
iiL280. 
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favourable  for  open-<)ast  work,  and  miners  are  at  present  sinmLy  taking 
the  whole  hill  down  as  they  go,  on  a  level  with  the  valley.  They  haTe 
in  some  places  already  out  over  100  ft.  across  the  ore,  thns  obtaining 
a  fine  face  for  blasting  down  in  great  quantities  (several  hundred  tooE 
at  a  blast),  by  putting  8-10  air-drilled  holes,  10  ft.  deep,  and  firing 
with  a  dynamo.  Besides  the  open  cut,  two  tunnels  have  been  driTcai 
a  further  60  ft  across  the  body,  always  in  massive  ore. 

Class  (&)  is  represented  by  the  Copper  Cliff  mine.  The  ore  here 
is  sometimes  much  intermixed  with  diorite,  and  ooours  in  irr^g^uUi 
masses  of  several  thousand  tons  each,  situated  apparently  be^raen 
two  cleavage-planes  in  the  country  rock,  so  that  new  deposits  an 
found  by  drifting.  Although  there  are  absolutely  no  stringers  of  on 
or  veinlets  of  quartz  to  connect  these  ore-bodies,  the  country  rofSL  in 
their  vicinity  ia  usually  speckled  to  a  greater  or  less  extent  with  ora, 
and  this  is  oiften  the  only  indication  of  immediate  proximity  to  a  larg<e 
ore-bodv.  I^he  shaft  is  down  700  ft  on  a  slope  of  about  40^,  and  & 
ore  still  continues. 

The  ore  delivered  to  the  smelting  fomaoee  from  the  whole  districi 
averages  about  two-thirds  the  gross  weight  hoisted  &om  the  mines; 
and  after  this  hand-picking  the  mean  assay  is  Ij^  per  cent,  nickel 
and  1-^  per  cent  copper,  with  minute  quantities  of  gold  md 
platinum. 

The  genesis  of  these  ore  bodies  has  been  much  debated,  and  while 
the  earlier  opinions  were  based  on  the  eruptive  igneous  theory,  later 
investigators  have  found  reasons  for  believing  in  a  possible  aqueonsl 
origin.*  So  also,  the  question  whether  the  nickel  is  a  constitiieoti 
of  the  eangue  or  of  the  pyrrhotite  has  received  different  replies,  andj 
as  this  nas  a  bearing  on  the  method  of  dressing  the  ore,  it  will  bel 
referred  to  subsequently. 

In  the  United  States,  lenticular  masses  of  nickeliferous  pyrrhotite,! 
imbedded  in  gneisses  and  schists,  have  been  found  in  many  plaoee,! 
assaying  up  to  8  per  cent,  nickel,  but  not  contributing  to  the  indns-j 
trial  supply.  The  only  important  mine  is  the  Gap,  in  PennsylvaniA^i 
the  output  of  which  is  rapidly  declining.  Here  the  ore  (nullehte, 
pyrrhotite,  chalcopvrite,  siderite,  &a)  occurs  as  a  lining  on  andl 
superficial  (6-80  ft)  impregnation  of  an  enormous  lenticular  mass  of 
hornblende  enclosed  in  micaceous  schists,  adjacent  to  a  great  trap 
dyke.  The  ore,  originally  only  worked  for  its  copper,  camee  1-3  per  j 
cent,  nickel.  Other  American  localities  may  be  briefly  mentioned  as 
follows: — Millerite  at  Benson,  Arkansas;  arsenide  and  sulphide | 
associated  with  cobalt,  at  the  Gem  mine,  Colorado;  nickeliferous 
pyrrhotite  at  Dracut,  Massachusetts;  siegenite  with  pyrite  in  the 
lead  ores  of  Mine  La  Motte,  Missouri ;  niccolite  and  aimabei^te  in 
veins  permeating  a  ledge  30  ft.  wide,  at  Cottonwood,  Nevada;! 
gamierite  in  connection  with  serpentine,  at  Webster,  N.  Cardinm ; ' 
pyrrhotite,  chalcopyrite,  and  gamierite,  at  Biddies,  Upper  Dad's  Creek, 
and  Bock  Point,  Oregon. 

New  Caledonia  ranks  second   in   importance  for    production  of 
nickel,  and  so  widely  is  the  metal  distributed  that  mining  concessions  ' 
covering  over  7000  sq.  miles  are  said  to  be  in  actual  operation,  though 
•  E.  B.  Bush,  op.  oit 
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Harland,*  as  late  as  1892,  places  the  number  of  mines  at  that  date  at 
324  (of  which  only  80  were  working),  comprising  an  area  of  over 
120,000  acres.  The  nickel  deposits  occur  exclusively  in  the  pre- 
dominating common  massive  serpentine,  almost  invariably  in  elevated 
positions,  and  capped  with  ironstone  carrying  4r-8  per  cent,  chromium 
sesquioxide.  The  nickel  ores  occur,  as  a  general  rule,  in  irregular 
veins  and  strings  in  the  fissures  and  joints  of  the  rock,  ramifying  in 
every  direction,  and  forming  a  stockwork  or  network  of  smaU  veins. 
Occasionally  they  are  met  with  as  persistent  veins  extending  some 
hundreds  of  feet  in  length  and  to  a  moderate  depth,  and  in  these  cases 
partaking  of  some  of  the  characteristics  of  a  regular  lode.  Veins  occur 
2-3  ft-  thick,  with  good  regular  walls  and  a  regular  dip,  and  taking 
at  times  a  lenticular  form  4-5  ft.  thick.  It  is  generally  held,  however, 
by  the  French  engineers,  that  these  are  not  tme  fissure  lodes.  At  a 
depth  of  about  300  ft.,  the  gamierite  gives  way  to  magnesia  silicate 
exclusively— no  nickel  As  to  their  origin,  it  would  seem  that  they 
are  segregated  veins,  and  inasmuch  as  the  enclosing  serpentine  carries 
*25-*75  per  cent,  nickel,  there  can  be  little  doubt  that  the  filling  of 
the  veins  and  joints  has  been  caused  by  lateral  secretioD,  or  the 
leaching  out  of  the  metal  from  the  serpentine  and  its  subsequent 
deposition.  The  ore  is  exclusively  gamierite  (hydrated  silicate  of 
nickel  and  magnesia),  no  trace  of  arsenide  or  sulphide  having  been 
fonnd  ;  and  while  two  varieties,  a  green  and  a  brown  (called  "  choco- 
lat "),  are  distinguished,  investigations  by  A.  C.  Claudet  prove  that 
the  latter  owes  its  colour  to  associated  limonite. 

The  methods  of  working  the  deposits  are  by  regular  mining,  when 
the  ore  bodies  are  fairly  persistent  and  of  good  width ;  and  by  open 
quarrying,  when  they  are  less  than  6-12  in.  wide,  and  when  stockworks 
occur.  Sometimes  both  systems  come  into  operation  in  different  parts 
of  the  same  deposit ;  and  often,  when  underground  mining  is  pursued, 
the  irregularities  and  crossings  of  the  veins  render  the  workings  very 
intricate.  Quarrying  is  done  in  terraces  from  the  top  downwards, 
each  terrace  having  a  wide  floor  on  which  the  rock  is  blasted  down, 
and  where  the  ore  is  prepared  for  market.  Each  quarry  has  a  face  of 
nearly  vertical  rock,  80-40  ft.  high,  and  a  floor  60-120  ft.  wide.  Deep 
holes  are  drilled  by  "  jumpers  "  in  the  face  of  the  quarry,  and  blasted 
with  dynamite.  The  rock,  being  very  jointed,  breaks  down  in  large 
lumps  or  blocks,  which  have  subsequently  to  be  reduced  by  heavy 
hammers  or  shot-holes  to  a  convenient  size  for  setting  free  the  veins 
and  strings  of  ore,  and  for  easy  removal  of  the  dead  rock  in  waggons 
or  barrows.  Boughly  speaking,  every  joint  and  fissure  of  the  rock  is 
filled  with  ore,  the  veins  thus  ramifying  in  every  direction  varying 
in  size  from  a  knife-blade  thickness  up  to  6  in.  or  more,  but  the 
smaller  are  the  more  common  and  numerous,  and  hence,  to  secure  all 
the  ore,  it  becomes  necessary  to  blast  down  the  whole  mass  of  rock. 
Occasionally  these  small  veiDs  have  a  white  filling  of  magnesia 
silicate  only.  Transportation  to  depot  is  accomplished  by  ropeways, 
of  an  exceedingly  rudimentary  description  where  the  distance  is 
small — a  single  wire  rope  with  tough  forked  sticks  in  lieu  of  pulleys ; 

•  J.  Garland,  *•  Nickel  Mining  in  NeW  Caledonia,"  Trans.  Inst.  Min.  and  Met., 
Ui.  121. 
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and  the  cost  of  a  double  iDstallation  1968  ft  long,  witii  2  steel  oaUes 
1  in.  diam.  and  hemp  guide  ropes,  oarrying  a  load  of  4  bags  or  600  Ik, 
is  given  at  only  2002.  The  oost  of  ore  mined,  dressed  to  about  7-8 
per  cent,  nickel  (6  per  cent,  is  the  minimum  marketable),  and  deliToed 
on  ship-board,  varies  from  6«.  to  40-60«.  a  ton,  40«.  being  perhaps  about 
the  average. 

Treatment, — Practically  the  whole  world's  supply  of  nickel  is 
famished  by  the  pyrrhotite  of  Canada  and  the  gamierite  of  Ne# 
Caledonia,  and  it  will  be  appropriate  to  discuss  the  preparation  of  tbe 
metal  from  each  of  these  sources  first. 

As  to  the  nickeliferous  pyrrhotite  there  oomes  the  initial  questioa 
of  how  the  nickel  occurs.  Dr.  S.  H.  Emmens  has  asserted*  positiTdy 
that  the  niqkel  is  not  as  a  constituent  replacing  part  of  the  iron  in  ^ 
pyrrhotite,  that  magnetic  separation  wUl  give  a  rich  nickel  concen- 
trate, and  that  the  nickel  is  possibly  an  essential  constituent  of  the 
gangue  and  not  of  the  pyrrhotite.  On  the  other  hand,  it  is  shown  t 
that  for  several  years  the  Canadian  Copper  Company  has  be^i  sorting 
its  ores,  making  four  grades  of  the  mine  output,  by  boys,  who,  judging 
by  the  eye  alone,  separate: — (a)  the  average  mixed  oopper-nidrel  ore; 
(h)  the  copper  pyrites ;  {e)  the  pyrrhotite  or  nickel  ore ;  (d)  ^e  rode 
or  diorite.  What  results  are  obtained  will  be  seen  by  the  following 
averages : — 


Oopper  Cliff  mixed  ore    . . 
Stobie  mixed  ore       ..     .. 
Evans  mixed  ore 
Copper  Cliff  picked  Cu  ore 
Stobie  picked  Cu  ore 
EvaiiB  picked  Cu  ore 
Copper  Cliff  picked  Ni  ore 
Evans  picked  Ni  ore . . 
Average  diorite  rock 


Ca. 


14 

15 

13 

0 

0 

0 


21 
60 
13 
71 
86 
80 
49 
8 


m. 


p.c 
4-75 
2*28 
4-0 
2-74 
1-28 
1-34 
812 
5-36 
0-7 


Total 
CoNL 


p.c 

10-44 

4-49 

6-60 

16-87 

16-99 

15-20 

8-92 

6-85 


Coin 
toUl 
CaML 


p.  c 
54-5 
49-2 
393 
83-7 
92-4 
91-9 
90 
8-4 


Kilo 
toul 
Ci!il 


p.e. 
45-5 
50-8 
60-7 
16 -S 
6-6 
8-9 
91  0 
91-6 


(contained  as  shota  of  ore) 


The  fact  that  in  the  picked  pyrrhotite  or  nickel  ore  from  ^ 
Copper  Cliff  mine  the  nickel  is  91  per  cent,  of  the  total  copper-niokd 
contents,  while  in  the  same  mine  before  sorting  it  is  only  45-5  per 
cent,  of  the  two  metals,  shows  very  conclnsively  that  nickel  is  not  s 
constituent  of  the  diorite,  bnt  that  it  always  accompanies  and  is  fomid 
in  the  pyrrhotite,  whether  it  be  an  essential  mineralogical  constituent 
thereof  or  not. 

Before  hand-picking,  the  ore  is  broken  by  sledge-hammers  to  soit 
a  Blake  breaker,  and  from  the  latter  it  passes  through  revolving 
screens  which  separate  it  in  3  sizes — 4  in.,  If  in.,  and  }  in.  Metal- 
lurgical treatment  commences  with  pile  roasting,  to  remove  the 
sulphur  and  oxidise  the  iron  as  much  as  is  practicable.  The  roast- 
jard  is  nearly  ^  mile  long  and  100  ft.  wide,  so  that  the  length  of  tie 

*  Can.  Min.  and  Mech.  Bev.,  Ang.  1893. 

t  D.  H.  Browne,  En.  and  Blin.  JI.,  Dec.  2, 1893. 
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is  limited  by  the  width  of  the  ground.  After  allowing  space  to 
fjset  around  them  and  for  drains,  about  80  ft.  is  left  for  the  length. 
They  are  about  40  ft.  wide,  and,  as  the  ore  is  piled  about  7  ft.  high 
on  Uie  wood,  hold  about  800  ton^.  They  are  built  in  the  usual 
manner,  about  30  cords  of  wood  being  sufficient  to  kindle  a  pile. 
After  the  main  body  of  the  pile  is  built  up  of  coarse  ore,  a  layer  of 
ragging  or  medium  ore  is  put  on,  6-12  in.  thick,  according  to  the 
supply  on  hand,  and  this  is  covered  in  the  usual  manner  with  fines. 
By  interposing  a  layer  of  rotten  wood  and  chips  between  the  ragging 
md  fines,  both  these  smaller  sizes  are  roasted  more  perfectly  uian 
isoaL  In  general,  the  whole  heap  is  well  enough  oxidised  to  take  it 
lirect  to  the  smelter  without  re-roasting  any  portion.  A  heap  of 
JOO  tons  bums  about  60  days  if  properly  managed.  Very  great  car© 
las  to  be  exercised,  or  the  combustion  becomes  too  rapid,  and  a  great 
)art  of  the  sulphides  in  the  ore  melt  down  into  a  solid  matte,  which 
B  most  difficult  to  break  up,  and  which  carries  far  more  sulphur  than 
9  permissible.  Almost  the  entire  success  of  the  smelting  process 
tepends  upon  a  good  roast.  If  the  sulphur  is  not  properly  removed, 
great  quantity  of  low-grade  matte  is  formed,  into  which  the  iron 
^oes,  leaving  the  silica  witiiout  sufficient  flux,  and  making  the 
amaoe  run  ^owly  and  badly.  If  it  is  reduced  to  the  normal  amount 
f  7-8  per  cent  sulphur  in  the  roasted  ore,  a  rich  matte  is  formed  in 
omparativelv  small  quantity,  thus  lessening  freight  and  treatment 
liarges.  The  iron  which  was  combined  with  the  sulphur  is 
loroughly  oxidised,  and  is  thus  in  a  condition  to  combine  at  once 
ith  the  silica,  forming  exactly  the  flux  required,  and  making  a 
^pid,  dean  and  fluid  run  in  the  furnace.  The  importance  of  this 
nioess  cannot  be  exaggerated.  The  roasting  is  done  by  contract  at 
very  small  figure,  both  for  fuel  and  labour.  By  a  second  contract 
is  dug  out  of  the  heaps,  which  are  frequently  so  fritted  together  as 
require  light  blasting.  A  very  successful  method  of  heap-roasting 
to  build  two  heaps  in  the  ordinary  manner,  allow  them  to  bum  out 
)oat  one-half,  and  become  thoroughly  cooled  on  the  sides,  and  then 
lild  a  third  heap  in  the  passage-way  between  them.  A  bed  of  wood 
t  the  bottom,  and  a  single  layer  on  the  sloping  sides  of  the  two 
teral  heaps,  provide  ample  fuel  to  start  No.  3,  which  not  only 
idergoes  a  thorough  burning  itself,  but  also  sets  the  unroasted 
>ping  sides  of  the  two  adjoining  heaps  on  fire  again,  and  thus  roasts 
cuething  like  50-100  tons  of  material  that  ordinarily  is  nearly  raw. 
\VA  method,  besides  greatly  lessening  the  percentage  of  unroasted 
3,  also  adds  some  60  per  cent,  to  the  capacity  of  an  ordinary  roast- 
onnd.  Practically  the  same  plan  is  followed  at  Bio  Tinto  (see 
431).  The  roasted  ore  goes  to  the  smelting  furnace,  a  steel  water- 
;ket  of  the  Uerreshoff  pattern,  rectangular,  with  rounded  comers, 
d  a  slight  convexity  all  around,  so  that  it  really  approaches  an 
^1;  its  section,  at  the  tuyers,  is  3  by  6  ft.,  and  it  has  11  2^in. 
yers,  5  on  each  side  and  1  at  one  end,  the  discharge-opening  being 
the  other  end ;  it  is  6  ft.  high  from  tuyers  to  charge-door,  and  is 
unbroken  water-jacket  the  entire  distance  from  the  cast  bottom- 
to  to  the  charging-door.  Above  the  threshold  of  this  opening  is  a 
j^iDg  of  boiler-iron,  lined  with  fire-brick,  which  lasts  as  long  as 

2  p 
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the  furnace  does.    The  oharge-door  is  situated  at  one  long  side  of  tlw 
furnace,  while  the  flue  opening  is  opposite  to  it.     The  entire  flue,  u 
well  as  the  iron  charging-platform,  rests  on  a  series  of  girdera  ud 
I-beams,  supported  by  the  stone  walls  of  the  building  and  by  three 
iron  columns.    The  flue  enters  into  a  series  of  zigzag  dust-duunben 
outside  of  the  building,  oonnected  with  a  stack  60  ft.  high  and  5  d 
square  inside  from  bottom  to  top.     The  water-space  in  the  famaoe  e 
only  2  ill.  wide,  instead  of  6-8  in.    The  chief  peculiarity  is  the  front 
connecting-reservoir  or  "well."    It  is  a  circular,  cast-inm,  wate^ 
jacketed  vessel,  mounted  on  4  stout  wheelfs  and  so  designed  thtt  \^ 
hole  in  one  side  connects  directly  with  the  outlet-hole  of  the  fanuoe. 
This  forms  a  connecting  channel,  a  few  inches  in  length,  l^orongblr 
protected  by  water-cooUngj  through  which  the  molten  sla^  and  msstt 
flow  out  of  the  fnmace  as  rapidly  as  they  are  formed.    Tbey  thm 
escape  the  influence  of  the  blast ;  and  any  possibility  of  the  formatioo 
of  the  great  bugbear  of  copper-smelters,  masses  of  metallic  ins 
("  sows  "  or  "  salamanders  "),  is  completely  avoided.     The  slag  vA 
metal  separate  very  perfectly  in  this  quiet,  spacious  reservoir,  and 
the  slag  flows  in  a  continuous  stream  over  the  jacketed  lip  at  a  height 
of  10  in.  above  the  outlet-hole  of  the  furnace.     This  ingeniow 
arrangement  completely  traps  the  blast,  and  prevents  foul  slag.  Tbe 
matte  is  tapped  at  intervals  of  10-20  minutes  through  a  septnte 
bronze  water-cooled  tap-hole  casting,  which  is  bolted  to  one  nde  ^ 
the  well,  and  which  is  plugged  with  clay  in  the  usual  maimer. 
Owing  to  its  proximity  to  the  hot  stream  of  molten  matter  from  ^  \ 
furnace,  the  tap-hole  never  chills.    When  the  operation  of  tappiu?  j 
fakes  place,  the  furnace-man  simply  drives  a  ^in.  steel  bar  throogli 
the  clay  plug  with  a  few  light  taps  of  a  carpenter's  hammer.   I^ 
matte  flows  quietly  into  a  slag-pot,  and  the  small  tap-hole  in  tJhf 
casting  is  closed,  without  any  chance  of  failure,  by  a  clay  plug  ^  I 
usual.    There  is  no  interruption  of  the  blast.     For  the  better  prt- 1 
servation  of  the  cast-iron  plates  which  form  the  floor  of  the  buildist;  | 
around  the  furnace,  a  circle  is  cut  in  the  plate  just  where  the  ftreac^ 
of  slag  naturally  falls,  and  into  this  is  introduced  a  shallow  caet-in^ 
basin.     The  slag  drips  into  this  without  injuring  the  plates,  vA  ■ ' 
taken  out  from  time  to  time  by  the  fork,  and  thrown  into  the  sla^ 
pot.     The  basin  stands  two  months  or  more  before  it  is  destrqre 
and  is  replaced  at  a  cost  of  3«.,  and  without  loss  of  time  to  the  fnrnac 
Ore  and  fuel  are  accurately  weighed,  and  sampled;  the  nttt 
produced  is  daily  sampled,  as  well  as  accurately  weighed,  before  it 
dumped  from  the  pot,  and  the  slag  is  sampled  from  every  potful  a 
assayed  once  every  24  hours.    By  properly  mixing  the  three  dilfere* 
ores,  flux  is  dispensed  with.     The  fuel  used  is  Pennsylvania  oikA< 
the  best  quality,  1  ton  of  which  smelts  7-8  tons  of  ore.    The  oap*:it 
of  each  furnace  is  about  125  tons  per  24  hours.    The  matte  or  r^tilc 
produced  carries  27-30  per  cent,  copper  and  16-19  per  cent  nidw. 
The  refining  of  the  matte  is  performed  in  two  ways : — 
(a)*  The  matte  is  bessemerised   in   converters  with  a  silidrs 
lining,  the  latter  uniting  with  the  oxidised  iron  to  form  a  slag,  whip 
the  copper  and  nickel  remain  as  sulphides.     The  enriched  m«tte 
•  8.  H.  Emmens,  Mineral  Induatry,  1898.  p.  352. 
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next  calcined  in  a  reverberatory  furnace  to  remove  moet  of  the 
foilphnr,  afterward  roasted  with  salt,  and  the  copper  chloride  is 
extracted  by  lixiviation.  If  much  iron  remains  with  the  nickel,  the 
lixiviated  material  is  dried,  mixed  with  a  little  pyrite  (or  other 
snlphiir  oomponnH)  and  pand,  and  fused  in  a  reverberatory  furnace  so 
as  to  slag  off  the  iron  and  leave  almost  pure  nickel  sulphide,  which  is 
then  converted  into  uxide  by  calcination. 

(6)*  The  matte,  having'  been  roasted,  is  treated  repeatedly  with 
hydrochloric  or  dilute  sulphuric  acid,  to  dissolve  the  nickel  and 
copper,  and  cobalt,  lead  and  bismuth,  if  present.  Any  iron  that  may 
have  gone  into  solution  is  precipitated  by  lime,  having  previously 
been  converted  into  ferric  oxide  by  the  addition  of  lime  chloride. 
The  temperature  of  the  solution  is  then  raised  to  158°  F.,  and  the 
copper  is  precipitated  by  calcium  carbonate,  milk  of  lime,  or  a  solution 
of  soda.  When  all  the  copper  has  been  thrown  down,  the  cobalt  is 
precipitated  by  the  careful  addition  of  a  solution  of  calcium  chloride 
to  the  perfectly  neutral,  hot,  and  not  too  dilute  filtrate.  The  nickel 
is  finally  precipitated  as  hydrate  by  calcium  carbonate,  milk  of  hme 
or  soda.  The  nickel  hydrate  is  filtered  off,  dried,  heated  with  sodium 
earbonate  to  decompose  any  calcium  sulphate  that  may  be  present, 
-washed  with  acidulated  water,  dried  again,  and  finally  reduced  by 
carbonaceous  materials  to  the  metallic  state.  This  process,  being 
dependent  upon  the  fractional  precipitation  of  the  several  metals  in 
the  ore  with  the  same  reagents,  is  subject  to  slight  alterations  of 
procedure  in  various  works. 

The  {^reparation  of  gamierite  for  the  market  is  of  the  simplest 
description.  The  crude  ore  having  been  reduced  by  spalling  to  a 
snitable  size,  a  portion  consisting  of  mixed  ore  and  rock  is  separated 
by  cobbing,  the  cobbed  ore  being  always  of  high  grade.  The  remaiiv- 
ing  portion,  consisting  of  the  fine  ore,  a  good  deal  mixed  with  stone, 
is  all  carefully  collected  and  screened  in  hand  sieves  of  ^|  in.  holes ; 
the  fine  which  passes  through  is  not  further  treated ;  the  coarse  which 
remains  in  the  sieve  is  hand-picked,  the  useless  stone  being  rejected. 
The  picked  ore  is  next  mixed  with  the  fines  and  cobbings.  The 
crashed  mineral  has  a  sp.  gr.  of  only  3,  which  is  so  near  that  of  the 
serpentine  gangue  that  wet  concentration  is  impossible.  If  the 
cobbed  and  hand-selected  portions  only  were  utilised  as  a  marketable 
product,  the  percentage  of  the  ore  would  be  something  like  doubled ; 
but  the  crude  smaUs  which  form  the  bulk  of  the  ore,  and  which  do 
not  admit  of  concentration  at  all,  are  mixed  with  the  richer  portions, 
and  thus  the  percentage  of  the  metal  is  reduced  to  the  average  of 
about  7-8.  In  this  state  it  is  shipped  to  Europe.  U'he  further  treat- 
ment consists  in  smelting  in  a  low-blast  furnace  with  coke  and 
gypsum  (or  alkali  waste  or  salt-cake),  to  remove  silica,  magnesia,  <fec., 
as  a  slag,  and  produce  an  iron-nickel  regulus.  This  latter  is  then 
subjected,  in  a  reverberatory  furnace,  to  a  series  of  alternate  roastings 
and  fusions  with  sand,  whereby  the  iron  is  gradually  slagged  ot!',  and 
almost  pure  nickel  sulphide  is  iinally  obtained ;  this  may  be  converted 
into  oxide  by  calcination.  -Sometimes  the  first  roasting  and  fusion  of 
the  blast-furnace  matte  is  replaced  by  bessemerising. 
•  W.  R.  Ingalla,  En.  oud  Min.  Jl. 
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The  bulk  of  the  Canadian  matte  is  treated  by  the  Oiford  Copper 
Co^  by  the  following*  method: — The  metals  in  the  matte  aw 
reduced  by  a  preliminary  treatment,  either  by  the  Bessemer  prooen 
or  by  ordinary  calcining  and  melting  in  a  blast-fdmaoe,  to  a  point 
where  the  metals  are  present  substantially  as  subsulphides.  Thii 
matte  is  then  melted  with  an  alkaline  sulphide  (in  praoiice  with  nli- 
cake,  i.  e.  sulphate  of  soda,  which  in  the  blast-fumaoe  is  reduced  to 
soda  sulphide),  and  a  reaction  follows  in  which  the  copper  and  irro 
take  the  sulpnur  from  the  soda.  By  adding  the  proper  proportion  d 
salt-cake,  the  bulk  of  the  iron  and  copper  are  converted  into  sulphide, 
and  mixing  with  the  soda,  make  a  very  fluid  mass,  from  whidi  tb« 
nickel  subsulphide  separates  by  gravity,  and,  on  cooling,  leaves  in 
the  tope  the  bulk  of  the  copper  and  iron  and  the  soda,  and  in  tk 
bottoms  the  bulk  of  the  nickel.  On  exposure  to  the  weather,  the 
soda  in  the  tops  is  converted  into  caustic  soda ;  mixing  these  topi 
with  matte  and  remelting,  the  caustic  soda  is  converted  into  Bodi 
sulphide  at  the  expense  of  the  nickel,  leaving  the  latter  in  a  semi- 
metallic  state,  and  again  a  top  and  bottom  is  formed  with  copper  and 
iron  in  the  top  and  nickel  in  the  bottom.  Bv  properly  balancing  tbese 
various  treatments  a  pure  nickel  sulphide  is  at  last  obtained,  which 
by  calcining  is  converted  into  oxida  This  oxide  is  said  to  be  sopokir 
to  metallic  nickel  for  the  steel-maker*s  purpose. 

The  reduction  of  the  pure  nickel  oxide  is  brought  about  by  miziB^ 
it  intimately  with  charcoal,  and  heating  it  to  whiteness  in  graf^tt 
crucibles,  where  it  assumes  the  metallic  condition.  When  molten,  it 
is  granulated  by  pouring  into  water.  To  produce  it  in  oohereot 
close-grained  masses,  the  oxide  is  mixed  with  finely-powdered  wood- 
charcoal,  or  with  flour  or  starch  made  plastic  with  molasses,  and  tiie 
mixture  is  moulded  and  packed  in  crucibles  with  charcoal,  ^  hett 
applied  being  just  short  of  that  required  for  fusion. 

According  to  Rickard,f  in  New  Caledonia  the  ferro-nickel  prooBBi 
is  now  beine  adopted,  as  follows :  The  ore  is  smelted  in  a  40-ft.  hhtft- 
fumaoe  to  obtain  ferro-nickel,  which  is  then  ground  and  decarbooited  { 
in  a  reverberatory  furnace,  and  in  subsequent  treatment  the  ixoo,  ^ 
silica,  and  the  manganese  are  slagged  off^  and  the  product  is  sent 
be  refined ;  the  refining  is,  however,  very  costly. 

Some  of  the  leading  proposed  modifications  not  yet  adopted  mr 
be  mentioned.  . 

From  researches  on  the  magnetic  qualities  of  the  several  minenii 
in  the  Sudbury  ores,  J.  T.  McTighe  and  T.  A.  Edison  have  sepsrattlj 
claimed  to  be  able  to  effect  magnetic  separation.  Seeing  that  M^^ 
mineral  must  first  be  reduced  to  a  very  fine  state  of  division  (at  ooc 
siderable  cost)  before  admission  to  the  machine,  and  that  dean  sepfr 
ration  is  impossible,  in  view  of  the  fact  that  it  is  dependent  only  o^ 
comparative  degrees  of  magnetism  between  the  nickeUferona  a»2 
non-niokeliferous  portions  (even  supposing  that  to  hold  good  in  all 
cases),  it  hardly  seems  a  feasible  project. 

Macfarlane  proposes  to  treat  nickeliferous  pyrrhotite  by  a 
cation  of  Henderson's  chlorination  process  for  copper  pyrites  thu 

*  B.  M.  Tbompeon,  Mineral  Indnstry,  1893,  p.  357. 
t  DisouBsion  on  Garland's  paper. 
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(a)  roast  to  bum  off  the  greater  part  of  the  sulphur ;  (&)  mix  the 
roasted  ore  with  about  \  its  weight  of  oommon  salt  (sodium  chloride) 
aud  reduce  the  mixture  to  powder ;  (c)  calcine  the  mixture  at  a  low- 
red  heat;  (d)  lixiviate  witn  hot  water;  (e)  add  a  small  quantity  of 
caustic  soda  to  precipitate  any  iron ;  (/)  add  sodium  sulphide  to  pre- 
cipitate any  copper ;  ((/)  add  caustic  soda  to  precipitate  the  nickel  as 
hydrate. 

Probably  the  most  important  modification  of  present  methods  will 
follow  from  the  discoYery  of  Dr.  S.  H.  Emmens  *  that  the  nickel  in 
pyrrhotite  is  eaaily  dissolved  by  a  solution  of  ferric  sulphate,  even  if 
the  ore  be  in  a  raw  state,*  but  it  is  greatly  accelerated  by  a  preliminary 
low-roast.  He  therefore  proposes  to  replace  the  ordinary  roast-heaps 
and  smelters  by  weathering-floors,  a  low-roasting  furnace,  and  lixivi- 
ation  tanks ;  the  product  being  obtained  and  shipped  to  t^e  refineries 
in  the  shape  of  either  cryst^lised  nickel  sulpimte  or  precipitated 
nickel  hydrate.  The  simplicity,  economy,  and  high  concentration 
power  of  such  a  method  are  obvious,  and  will  certainly  claim  atten- 
tion for  it. 

The  Mond  process  looks  very  attractive  as  a  laboratory  operation, 
but  it  is  not  free  from  difficulties.  It  is  based  on  the  discovery  that 
carbon  monoxide  (CO)  brought  into  contact  with  finely-divided  nickel 
below  300^  F.  forms  a  readily  volatilised  compound  of  1  molecule 
of  nickel  and  4  of  carbon  monoxide.  This  "nickel-carbon-oxide," 
Ni(CO)4,  is  a  colourless  liquid  boiling  at  110°  F.,  and  its  vapour,  when 
heated  to  356°  F.,  becomes  decomposed  into  metallic  nickel  and  carbon 
monoxide.  As  applied  to  pyrrhotite,  the  mineral  is  first  pulverised, 
then  dead-roasted  to  complete  oxidation  (not  easily  attained) ;  next 
the  oxide  is  reduced  to  a  nnely-^livided  metallic  state  by  the  action  of 
hydrogen  at  660°-760°  F. ;  this  metal  is  subjected  at  120°  F.  to  a 
current  of  carbon  monoxide,  which  carries  off  the  nickel  as  Ni(C0)4, 
leaving  all  other  metals  behind  (except  some  iron  which  also  volati- 
lises); finally  the  vapour  is  passed  through  tubes  heated  to  about 
356°  F.,  when  the  nickel  separates  out  in  coherent  metallic  masses. 
The  finely-divided  metallic  powder  soon  loses  its  energy  in  the 
presence  of  carbon  monoxide,  and  requires  revivifying  by  heating  up 
to  570°-660°  F.  in  a  current  of  carbon  monoxide  or  hydrogen,  and 
cooling  down  again ;  and  an  enormous  amount  of  carbon  monoxide 
free  from  oxygon  or  halogens  will  be  required  in  practice. 

Oammetce. — The  output  of  nickel  ore  fluctuates  greatly.  Thus  the 
New  Caledonia  exports  were  over  10,000  tons  in  1884,  under  1000  in 
1886,  8500  in  1887,  dropped  to  6500  in  1888,  and  reached  35,000  in 
1891.  The  metal  production  in  1891  is  estimated  at  over  10  million 
lb.,  of  which  New  Caledonia  furnished  more  than  half,  Canada  about 
4^  million  lb.,  Scandinavia  about  160,000  lb.,  and  the  United  States 
120.000  lb. 

It  has  been  computed  f  that  the  cost  of  Canadian  pyrrhotite 
delivered  at  the  breaker  is  not  less  than  20«.  a  ton,  and  the  costs  of 
succeeding  operations  are  ^ven  as  follows : — breaking,  la.  3d. ;  heap- 
roasting,  2k ;  cupola  smelting,  9a. ;  bessemerising,  8«. ;  reverberatory 
calcining,  5«. ;  reverberatory  fusion,  14s. ;  refin^  sulphide  roasting, 
*  Mineral  Industry,  1893.  f  Emmens,  op.  oit 
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20a. ;  chlorination  and  lixiviation,  16«.  From  ibis  it  is  dedaoed  tkt 
the  cost  per  ton  of  nickel  oxide  carrying  76  per  cent  metd 
will  be : — 

{a^  From  pyrrhotite :  breaking,  35«. ;  heap-roasting,  58#. ;  matte 
smelting,   15Z. :  beesemerising,  40«. ;  first  calcination,  13». ;  chliirina- 1 
tion  and  lixiviation,  40«. ;  second  calcination,  9«. ;  second  faeioB,2oi.;  i 
pulverising  refined  sulphide,  2«. ;  first  sulphide  roast,  20«. ;  seoond 
pulverising,  2«. ;  second  roast,  20«. ;  total,  28/.  4« 

(6)  From  gamierite :  smelting  for  matte,  7d«. ;  first  calcinatitm, 
10«. ;  first  fusion,  28«. ;  second  calcination,  9«. ;  second  fusion,  25*.; 
pulverising  refined  sulphide,  2«. ;  first  roast  of  refined  sulphide,  21k; 
second  pulverising,  2«. ;  second  roast,  20»  ;  total,  9/.  12«. 

Assuming  the  oxide  to  be  sufliciently  pure  to  require  no  interme- 
diate refining,  and  to  be  reduced  direct  to  granulated  metal,  the  coKt 
of  this  operation  is  calculated  at  4d.  per  lb.  of  nickel  made.  E«cko!i- 
ing  also  that  the  extra  richness  of  gamierite  iN  counterbalanced  I'V 
greater  freight  charges,  and  that  the  nickel  in  the  ore  costs  about  ^ 
same  whether  it  be  in  pyrrhotite  or  gamierite,  viz.  6«J.  a  lb.,  then  the 
ultimate  cost  per  lb.  of  metallic  nickel  will  be : — 

(a)  From  pyrrhotite  :  mining  and  transpoi-t,  6<i.;  conversion  into 
oxide,  4^. ;  reduction  into  metal,  Ad. ;  loss  in  working,  2i. ;  total, 
1«.  ^\d. 

{h)  From  gamierite:  mining  and  transport,  5J. ;  con  version  hito 
oxide,  Ij^.;  reduction  into  metal,  4c/.;  loss  in  working,  j^;  total 
\\d. 

It  is  to  be  noted,  however,  that  the  calcinations  and  fusions  of  tk 
matte  in  the  case  of  gamierite  may  amount  to  five,  thus  incresfflng 
the  cost;  but  the  metal  is  completely  iree  from  arsenic. 

Market  prices  fluctuate  considerably,  as  the  refining  trade  is  in 
few  hands,  but  2«.-2*.  fid.  a  lb.  for  98-99  per  cent,  fine  metal  is  about 
the  average. 

The  great  consumption  is  for  nickel-steel  armour-plates ;  also  fur 
coinage,  domestic  articles,  and  plating. 
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PLATINUM. 

This  metal  •  is  quite  widely  distrLbnted  geographically,  but  usually 
in  very  small  quantities.  Geologically,  not  much  is  known  about  the 
conditions  of  its  existence,  because  it  is  almost  entirely  encountered 
in  alluvial  formations.  Kecently,  however,  during  explorations  on 
Mount  Soloviefif,  which  lies  at  the  head  of  the  platiniferous  gravels  of 
the  Urals,  a  piece  of  rock  over  1  ft.  diam.  was  encountered,  consisting 
of  chrome  iron  and  serpentine  in  alternate  bands,  associated  with  a 
small  quantity  of  dolomite,  and  some  disseminated  angular  fragments 
of  country  rock.  Visible  grains  of  native  platinum  could  be  distin- 
guished by  means  of  a  lens,  but  even  the  rock  in  which  no  platinum 
grains  could  be  seen  was  found  to  contain  0*0107  per  cent,  of  that 
metaL  The  platinum  is  therefore  present  in  microscopic  accumula- 
tions. The  country  rock  of  Mount  SoloviefT  consists  of  angular  grains 
of  olivine,  cemented  by  dear  green  serpentine,  and  besprinkled  to  a 
small  extent  with  grains  of  chrome  iron ;  it  may  be  regarded  as  the 
variety  of  peridote  known  as  dunite  ;  this  is  sometimes  massive  when 
in  contact  with  the  including  rocks,  and  at  other  times  shattered  and 
penetrated  by  the  latter.  Moreover,  the  richeut  alluvial  deposits  are 
found  lying  on  serpentine.  In  California,  the  placers  containing 
platinum  are  always  in  close  proximity  to  serpentine.  In  Canada,  it 
is  associated  with  nickeliferous  pyrrhotite  in  the  '*  greenstone  "  group 
of  diorites  and  diabases.  The  platiniferous  alluvials  of  Colombia 
consist  largely  of  diorite,  carrying  chromic  iron ;  and  the  alluvial 
platinum  found  in  British  Columbia  is  associated  with  chromite  in 
deposits  resulting  from  the  erosion  of  diorite.  In  New  South  Wales, 
it  is  found  in  situ  in  ferruginous  felsite  and  granite,  and  in  gravels 
^i^ly  composed  of  serpentine.  MineralogicaJly,  platinum  is  nearly 
always  alloyed  with  iridium,  osmium,  palLidium,  rhodium,  or  ruthe- 
nium, in  the  metallic  form ;  but  a  notable  exception  is  its  occurrence 
as  an  arsenide,  sperrylite  ^containing  52^  per  cent,  platinum,  41 
arsenic,  4^  tin  oxide,  |  rhoaium,  ^  antimony,  and  *  07  iron),  in  the 
nickeliferous  pynhotite  of  Canada. 

Present  commercial  sources  of  platinum  are  all  alluvial,  though 
the  vein  matter  of  the  Macdonnell  mine,  Ontario  (which  carries  as 
high  as  '53  per  cent,  platinum  sometimes),  and  the  nickel  oxide 
prepared  from  the  Sudbury  ores  (which  averages  '25  per  cent, 
platinum),  will  probably  soon  be  made  to  yield  their  quota.  In 
order  of  importance  come  the  placers  of  Eussia,  Colombia,  British 
Colombia,  California,  Brazil,  Borneo,  New  South  Wales,  New  Zea- 
land, &c. 

•  See  C.  BulujaD,  **  The  Platinam  Group  of  Metals,'*  Miucrul  ludustry,  181)3, 
p.  373. 
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Bussia  virtually  supplies  the  world's  demands.  The  dig^ginji;!  now 
worked  are  at  Goro-bJagodat  (Government)  and  at  Nijni-Tapkk 
(Prince  Demidoff),  neither  being  auriferous  to  any  extent ;  aUo  at 
Bogoslowsk,  Miask,  aud  New  Jansk,  where  gold  predominates.  All 
the  platinum-hearing  streams  of  the  Nijni-TagilKk  district  deeoend 
from  Mount  SolovieCcmd  the  country  around  is  covered  with  rormded 
boulders  of  serpentine  and  peridotite  rock.  As  these  boulders  deooo- 
pose  under  the  action  of  the  air,  they  form  a  sand  or  gravel  from 
which  the  metal  can  be  profitably  extracted.  The  platinum  of  the 
aUuvial  deposits  occurs  in  grains,  or  sometimes  in  nuggets,  of  whidi 
one  at  least  has  been  found  of  22  lb.  weight.  I'he  gravel  often  ood- 
tains  \  oz.  per  ton  of  platinum,  but  can  be  profitably  worked  for 
iV  oz.  The  deposit  near  the  banks  of  the  Kiver  Martiane  rests  on  t 
serpentine  conglomerate,  and  is  12-15  ft  thick.  Above  is  a  thi<^Be« 
of  70  ft.  of  barren  ground,  chiefly  clay.  Most  of  the  alluvial  aariferooi 
deposits  in  which  platinum  is  found  are  in  the  neighbourhood  uf 
peridote  rock  or  of  serpentine  rock  formed  by  the  partial  alteratkn  uf 
the  peridotite.  Thus  the  river  Miass  takes  its  source  from  \ 
mountainous  district  mainly  composed  of  serpentine  rook,  and  sooth- 
ingly the  auriferous  deposits  near  the  head  of  the  river  are  rioh  is 
platinum^  but  farther  down  stream,  as  the  serpentine  formation  i§  M 
oehincU  the  gold  becomes  less  platiniferous.  The  richest  deposit  uf 
the  Nijni-'J  agilsk  district  is  that  of  Avrorinski,  extending  for  a  longUi 
of  \  nule,  20-60  yd.  wide,  and  of  a  thickness  of  4-5  yd.  Hero  tk 
platinum  iH  found  to  the  amount  of  4j^,  5,  and  sometimes  even  9  <& 
per  ton.  The  metal  contains  a  small  proportion  of  gold,  about  -2^ 
grm.  per  kilo.,  which  is  separated  by  amalgamation.  The  cnde 
platinum  left  contains  about  90  per  cent,  pure  platinum,  froa 
October  1886  to  August  1887  the  production  at  Avrorinski  wtf 
40,476  oz. 

On  the  mines  of  Prince  Demidoff,*  the  platinum-bearing  sand  a 
found  at  a  depth  of  6-40  fL,  the  •*  pay-streak,"  which  is  6-10  ib. 
thick,  resting  directly  upon  serpentine  bedrock.  When  the  over- 
lying gravel  is  not  too  thick,  it  is  thrown  to  one  side,  and  the  *'fnj 
sand  "  is  then  scraped  up ;  but,  as  a  rule,  shafts  are  sunk  to  the  bec- 
rock,  and  the  sand  is  removed  by  drifting.  This  work  is  done  daricc 
the  winter  months,  the  sand  being  piled  to  be  washed  during  tbe 
summer.  The  sand  to  be  washed  is  carted  upon  an  elevated  pla^rs. 
from  which  it  is  fed  with  water  into  a  revolving  conical  screen,  tt^ 
platinum  and  fine  sand  passing  through  into  the  sluioe  below,  whik 
the  coarse  materials  are  discharged  at  one  side  and  carted  away.  Tk 
sluice  consists  of  an  outer  and  an  inner  compartment,  the  latter  beaoc 
kept  locked,  and  opened  only  once  every  24  hours  by  a  governmefit 
inspector.  The  tailings  from  the  first  compartment,  in  which  rm^ 
of  the  platinum  settles,  enter  the  second,  where  they  are  puddled  as: 
raked  by  women,  the  coarse  part  being  thrown  to  one  side  to»  far 
carted  away,  while  the  fine  sand  pabses  into  a  tail  sluioe.  Tte 
machines  run  continuously,  are  driven  by  steam,  and  attended  I? 
men  and  women  working  in  shifts  of  12  hours  each,  with  »  r»t  «[ 
4  hours.  Each  machine  has  a  capacity  of  about  400  metric  tow  ^ 
•  G.  F.  Kunz,  Minezal  Indnstry,  1893,  p.  379. 
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sand  per  24  hours,  yielding  over  5f  lb.  of  metal,  or  a  total  daily  out- 
pnt  of  11^  lb.  During  the  summer  months,  8000-8500  men  and 
women  are  employed;  during  the  winter  but  1000.  The  eost  of 
washing  at  the  Demidoff  mines  is  as  follows : — 40  oarts  and  drivers  at 
3«.  9fi.  =  72.  10«. ;  16  men  at  2«.  8d.,  IZ.  16<. ;  4  women  at  1«.  8(2.,  5«. ; 
total  per  machine  per  day,  92.  11«.,  not  including  cost  of  fuel,  engineer, 
Bhovellers,  interest,  depreciation,  <&o.;  this  would  make  the  cost  of 
washing  about  2d,  per  metric  ton  of  sand  washed.  ISand  containing 
less  than  8  grm.  per  ton  cannot  be  profitably  worked,  although  a  few 
instances  of  sand  containing  only  2*5  grm.  per  ton  and  worked  at  a 
profit  can  be  cited.  These  costs  probably  do  not  vary  much  from 
those  of  the  northern  or  Government  district.  In  the  Goro-Blagodat 
district  the  Government  has  granted  70  concessions,  and  the  output 
is  considerably  larger  than  in  the  southern  district.  All  the  platinum 
produced  pays  a  tax  of  8  per  cent,  in  kind  to  the  Government.  The 
average  yield  of  the  Demidoff  estate  during  1801  was,  according  to 
Knnz,  6-55  grm.  per  metric  ton.  The  report  of  the  Bussian  Depart- 
ment of  Mines,  1892,  states  that  during  1890  the  total  amount  of 
pktiniferous  sand  washed  in  the  empire  was  778,158  tons,  yielding 
2836  kila  of  platinum,  an  average  of  8*8  grm.  per  metric  ton ;  and 
>n  the  Demidoff  estate,  288,200  tons,  yiel£ng  865*7  kilo.,  being  an 
iverage  of  8*06  grm.  per  ton. 

In  Colombia  the  chief  and  the  only  washings  of  importance  are 
found  in  the  Province  of  San  Juan,  Department  of  Cauca,  formine  the 
Kmthem  part  of  what  is  known  as  El  Choco.  The  principal  locaTitieB 
ire  the  districts  of  Sipi,  Taman4,  Condoto,  Iro,  and  San  Juan,  in  all 
)f  which  the  metal  is  found  associated  with  gold.  Platinum  is  also 
Ibund  in  the  Atrato  and  its  tributaries,  in  Antioquia,  and  in  the 
iistrict  of  Barbacoas.  The  bulk  of  the  product  is  from  the  ealiche 
)eds,  which  Bulman  *  asserts  to  be  glacial  drift,  and  in  which  diorite 
letritus  is  very  common.  The  deposits  are  ground-sluiced  in  a 
udimentary  manner,  and  the  heavy  sand  is  scraped  up  and  washed 
n  bateas.  The  gold  and  platinum  are  placed  on  a  porcelain  plate, 
^d  separated  by  gently  and  regularly  tapping  on  the  edge.  Nearly 
il  the  ealicke  deposits  were  found  by  Bultuan  to  yield  j^l  grm.  per 
ub.  metre,  and  many  of  them  could  be  worked  by  hydraulicing. 
[lie  present  yield  is  about  250  lb.  yearly,  but  it  used  to  be  very  mucn 
urger,  and  could  easily  be  increased  by  systematic  working. 

In  British  Columbia,  important  deposits  of  platiniferous  gold 
ravels  are  found  on  the  Similikameen  Biver  and  its  tributaries, 
specially  the  Tiilameen.  It  is  also  found  in  the  Frazer  hiver  dis- 
net,  near  LiUooet.  Hitherto  it  has  not  been  diligently  sought  for, 
ut  is  simply  recovered  as  a  bye-prod  act  of  the  gold  washings.  The 
atput  is  60^120  lb.  per  annum. 

In  California,  platinum  frequently  occurs,  associated  with  iridos- 
line,  in  the  auriferous  gravels ;  in  Humboldt  County  it  is  found  in 
le  auriferous  sands  of  the  Gold  Bluff  Beach,  near  the  mouth  of  the 
ian&ath  River.  The  yield  from  the  gold  placers  of  this  State  and 
"regon  constitute  the  total  production  of  the  United  States,  which  is 
[>proximately  20-40  lb.  yearly. 

*  En.  sDd  Min.  JL,  April  2. 1892. 
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In  Brazil,  native  platinum  oocurs  in  the  auriferous  gravels  of 
Minas  Oeraes,  associated  with  iridosmine,  platiniridiam,  and  an  alViy 
of  palladium  and  gold ;  in  grains  in  the  auriferous  veins  of  the  Bua 
Esperan^a  in  the  Province  of  Parahyba  do  Norte ;  while  the  gold  of 
the  Gkmgo  Soco  jacutinga  of  Minas  Geraes  h  frequently  found  lUlojcd 
with  platinum,  and  occasionally  with  palladium.  The  platiniferoos 
deposits  of  Brazil  are  further  distinguished  by  two  very  rare  native 
allovs — porpezite,  a  palladium-gold  alloy  occurring  at  Porpez,  and 
rhoaium-gold.    The  annual  production  is  now  very  smalL 

In  Borneo;  platinum  is  found  in  certain  auriferous  gravels  of 
which  little  is  known,  although  some  years  ago  it  was  reported  tlixt 
600-800  lb.  a  year  were  being  extracted  from  them.  The  rare  niinenl 
laurite  (ruthenium  sulphide)  occurs  there  in  small  quautities  with  the 
platinum. 

In  the  Australasian  Colonies,  platinum  has  been  found  in  the 
sands  of  the  Richmond  and  Tweed  rivers,  and  in  the  Broken  Hill  uree, 
New  South  Wales ;  and  in  the  sands  of  the  Tayoka  river,  the  quarts 
of  the  Qaeen  of  Beauty  mine,  and  in  considerable  quantitiee  at 
Hokitika,  New  Zealand .  Broken  Hill  ore  carrying  2  *  78  grm.  platinum 
per  ton  was  concentrated  up  to  15-28  grm.  per  ton  on  Fme  vaoners, 
but  not  with  commercial  success. 

Treatment, — The  preparation  of  pure  or  partially  pure  platinnni 
from  its  ore  and  alloys  is  an  industry  which  is  practically  a  monopoly 
and  which  demands  very  large  capital ;  it  in  virtually  controlled  bv 
Johnson,  Matthey  and  Co.,  London,  and  needs  but  brief  deecription 
here.  The  method  pursued  by  them  is,  in  outline,  as  follows.  The 
crude  metal  is  treated  in  a  reverberatory  furnace  with  an  equal  weight 
of  galena.  When  the  platinum  has  formed  an  alloy  with  the  1^ 
reduced  by  the  iron  in  tne  ore,  ground  glass  and  borax  are  added  u 
fluxes.  The  osmiridium  does  not  alloy  with  lead,  and  gradoally 
settles  to  the  bottom  by  virtue  of  its  high. specific  gravity.  The 
sulphur  is  then  oxidised  bv  the  addition  of  Htharge.  Finally  the 
slag  is  skimmed  off,  and  the  metal  is  run  into  ingots,  which  upoa 
cupellation  yield  platinum  containing  some  iridium  and  rhodium. 
Such  metal  is  well  adapted  for  ordinary  uses,  and  the  cost  of  the 
operation  is  given  at  about  (yd,  a  lb.  when  working  on  200  lb.  lot^. 
If  greater  purity  is  demanded,  this  metal  is  melted  with  6  times  its 
weight  of  chemically  pure  lead,  which  is  then  granulated  and  treated 
with  nitric  acid  diluted  with  8  parts  of  water.  Part  of  the  lead,  and 
the  cupper,  iron,  palladium,  and  rhodium  are  disnolved,  leaving  « 
black  amorphous  powder  containing  platinum,  lead,  and  small  quanti- 
ties of  the  other  metals  present ;  the  iridium  existing  ax  a  brilliaDt 
crystalline  substance  insoluble  in  nitric  acid.  This  residue  is  treated 
with  dilute  aqua  regia,  which  dissolves  all  the  platinum  and  lead,  bat 
not  the  iridium.  The  solution  of  the  chloride  is  evaporated  to  asniall 
bulk,  and  sulphuric  acid  is  added  to  precipitate  the  lead.  To  the 
filtrate,  ammonium  and  sodium  chlorides  are  added,  precipitating  the 
platinum  as  potassium-platinum  chloride.  The  whole  is  boated  to 
17  6"^  F.  and  left  to  stand  for  some  days.  The  sodium  chloride  ii 
added  because  the  double  chloride  is  more  insoluble  in  a  solution  of  it 
tli«n  in  a  menstruum  of  ammonium  chloride.     The  rhodium  present 
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remaiDS  in  solution  as  a  double  salt.  When  the  precipitate  has  com- 
pletely settled,  it  is  washed  repeatedly  with  a  Kolution  of  ammonium 
chloride  and  finally  with  water.  As  some  rhodium  may  still  be 
present,  the  chloride  is  dried  and  mixed  with  potassium  bisutphate 
containing  a  small  quantity  of  ammonium  sulphate,  and  the  whole  is 
then  heated  in  a  platinum  dish  until  the  platinum  is  completely 
reduced.  The  rhodium  remains  as  a  bisulphate  which  can  be  removed 
by  water,  leaving  behind  pure  platinum  sponge.  This  is  melted  in  a 
lime-furnace  consisting  of  two  cylindrical  pieces  of  quicklime  hollowed 
out  to  receive  the  charge  of  metal,  then  fitted  together,  and  the  whole 
encircled  by  bands  of  iron.  The  roof  is  slightly  arched,  and  has  a 
conical  opening  through  which  is  passed  the  tube  by  which  the  fuel 
is  introduced.  The  hearth  is  flat,  and  the  sides  are  curved  to  meet 
the  arch  above ;  it  should  be  of  such  a  width  that  the  melted  metal 
will  have  a  thickness  not  exceeding  3-4  mm.,  and  in  the  lower  part 
is  provided  with  a  lip  which  serves  as  a  vent  for  the  flame  and  as  a 
tap-hole  for  the  metaL  The  fuel  used  is  illuminating  gas  mixed  with 
oxygen  in  order  to  cibtain  the  highest  posnible  temperature.  Hydn*- 
gen  was  formerly  used  instead  of  illuminating  gas,  but,  although 
^iving  a  greater  heat  than  the  latter,  its  use  has  been  abandoned  on 
account  of  its  greater  cost.  In  this  furnace  the  platinum  is  both 
melted  and  refined,  any  iron  or  silicon  present  being  absorbed  by  the 
lime,  while  osmium  is  volatilised  as  oxide.  The  c«»st  of  preparing 
crude  metallic  platinum  is  variously  stated  at  1«.  3<2.-2«.  6(2.  an  oz. 

Commerce, — The  qualities  which  render  platinum  so  valuable  are 
its  reeistance  to  oxygen,  simple  acids,  and  sulphur  (but  not  to  alkalies), 
and  its  infusibility ;  it  is  largely  employed  in  chemical  apparatus, 
standards  of  measurement,  &c.,  dentistry,  and  latterly  most  extensively 
in  electric  lamps,  telegraphic  instruments,  non-magnetic  watches, 
Btylographic  pens,  photography,  and  many  other  minor  applicationn. 
The  market  value  of  the  prepared  metal  fluctuates  between  30«.  and 
21.  an  oz.  approximately,  but  is  always  uncertain.  Besides  the  figures 
of  production  incidentally  given,  it  may  be  mentioned  that  Russia's 
output  amounts  to  6000-10,000  lb.  yearly,  according  to  official 
returns,  but  probably  one-third  more  evades  being  taxed  and  re- 
curded. 
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SELENIUM. 

Although  seleninm*  does  not  occnr  in  great  abundanoOt  it  is  widdy 
distributed  over  the  globe.  Native  selenium  occurs  as  liolite  at 
Culebras,  Mexico.  Mixed  with  sulphur,  it  is  found  as  selen-sulj^nr 
in  Volcano,  one  of  the  Lipari  iBlands.  Of  the  native  selemdes 
naumannite,  a  selenide  of  silver,  occurs  in  the  Harz,  and  at  Tuco, 
Mexico.  Eucairite,  a  selenide  of  silver  and  copper,  in  Sweden,  Chili 
and  in  the  desert  of  Atacama.  Grookesite,  a  selenide  of  copper  and 
thallium  with  a  little  silver,  comes  from  Norway.  Zorgite,  a  selenide 
of  copper  and  lead,  from  the  Harz  at  Olasbach.  Lehrbachite,  a  selenide 
of  lead  and  mercury,  from  the  Harz.  Clausthalite,  a  selenide  of  lead, 
from  Zinken  and  Clausthal  in  the  Harz,  Beinsberg  in  Saxony,  Sio 
Tinto  in  Spain,  and  from  Mendoza  in  South  America;  it  contains 
28*11  per  cent,  selenium,  70*98  per  cent,  lead,  together  with  a  Uttle 
oobiilt.  Some  selenites  have  also  been  found  native.  The  iron  pyrites 
which  is  used  in  the  manufacture  of  sulphuric  acid  contains  a  small 
percentage  of  selenium,  and  the  selenium  found  in  the  chamben  comes 
urom  this  source. 

To  prepare  the  selenium  of  commerce,  the  deposit  from  the  sul- 
phuric acid  chambers,  which  contains  besides  selenium,  sulpbnrt 
arsenic,  zinc,  tin,  lead,  iron,  copper  and  mercury,  is  mixed  with  uitro- 
hydrochloric  acid,  heated,  and  allowed  to  stand  for  a  dav.  Dilute 
sulphuric  acid  is  now  added,  which  precipitates  the  lead ;  this  is 
filtered  off  and  hydrogen  sulphide  is  passed  through  the  filtiate, 
which  precipitates  the  selenium,  copper,  mercury,  tin  and  anenio  as 
sulphides.  The  yellowish  precipitate  is  washed,  and  then  boiled  with 
nitro-hydroohloric  acid  until  everything  except  the  sulphur  is  dis- 
solved ;  the  solution  is  again  filtered,  the  excess  of  acid  is  drivoi  of 
by  evaporation,  and  the  copper,  tin,  and  part  of  the  mercotyare 
precipitated  with  caustic  potash.  The  liqmd  is  then  filtered,  erapo- 
rated  to  dryness,  and  ignited  to  expel  the  rest  of  the  mercury.  The 
residue,  while  still  hot,  is  mixed  with  ammonium  chloride,  and  tbe 
mixture  is  heated  in  a  retort  till  the  ammonium  chloride  is  all  vidati- 
lise  J.  Some  of  the  selenium  sublimes  in  the  upper  part  of  the  retort ; 
the  greater  portion  remains  with  the  saline  mass  in  the  bottom  uf 
the  retort.  This  is  all  placed  on  a  filter,  and  the  saline  matter  is 
washed  away  with  water.    Selenium  remains  behind  on  the  filter. 

Another  and  quicker  method  of  isolating  the  selenium  fitxn  the 
seleniferous  deposit  is  to  dissolve  the  deposit  in  hot  caustic  potash 
and  allow  it  to  stand  in  contact  with  air  for  &-7  hours.  Potaasiam 
hyposulphite  is  formed,  and  selenium  is  precipitated. 

*  A.  J.  Simons,  **■  Seleuium  and  its  Gompoands,"  Pliarm.  Jour^  Jono  15, 1889. 
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To  prepare  selenium  from  olauRtbalite,  Simons  powdered  the 
mineral  and  treated  it  with  hydrochloric  acid  to  free  it  from  the 
chalk  and  other  carbonates  with  which  it  is  associated  in  nature, 
then  roasted  the  residue  with  burnt  tartar  and  charcoal  in  a  hessian 
TQcible,  placed  the  mass  on  a  filter,  and  washed  it  with  water  until 
the  filtrate  was  colourless ;  the  washings  were  exposed  to  the  air, 
^hen  the  selenium  separated  in  the  form  of  a  crust  on  the  top  of  the 
liquid. 
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SILVER. 

The  ••  white  metal "  is  very  widely  distribated»  and  in  many  forms, 
chiefly  as  follows : — 


Native  BiWer      oontaiiiin|^ 

Argentite,  siWer  glance,  Afr«8       ....  „ 

Gerargyrite,  horn  silver,  AJcUl 
Stvphanite,  brittle  silver,  5Ag^.8b, 
Proustite,  light  mby  silver,  8Ag,S.i 
Pyrargyrite,  dark  ruby  silver,  a/Lg^  Jb,S, 


r.8SbJ3 


The  ores  are  thus  essentially  snlphides,  arsenides,  antimonid^ 
and  chlorides ;  and  while  large  masses  of  such  ores  are  founds  yet 
the  bnlk  of  the  silver  produced  is  won  from  mixtures  of  them 
hilver  minerals  with  the  ores  of  copper,  iron,  lead,  manganese,  and 
zinc. 

Australia's  phenomenal  silver  mine,  at  Broken  Hill,  New  Soath 
Wales,  is  an  illustration  of  the  complexity  of  argentiferous  ore  deposits. 
It  has  been  described  under  Lead  (see  p.  515).  The  oxidised  sur&oa 
ores  are  much  richer  in  silver  than  are  the  unaltered  snlphides  found 
at  lower  levels.  Occasionally  ore  assaying  1000  oz.  silver  per  ton 
in  met  with,  but  about  40  oz.  is  near  the  average,  and  much  does  not 
exceed  20  oz.  About  half  a  million  tons  of  the  upper  ores  treated 
gave  a  mean  yield  of  42  *  6  oz.  silver  per  ton«  According  to  the  well- 
known  geologist  C.  S.  Wilkinson,  the  silver-bearing  lodee  occur 
chiefly  in  mica  schists  in  the  vicinity  of  granite  dykes,  and  this 
statement  is  apparently  confirmed  by  the  equally  prominent  scientiist 
Kobert  L.  JacK.  At  &orook,  New  South  Wales,  rich  and  extensive 
silvei -bearing  reefs  are  found  in  belts  of  felspar-porphyry  alternating 
with  beds  of  altered  fossiliferous  shales  of  Upper  Devonian  age.  The 
argentiferous  minerals  are  much  disseminated  through  the  reef  rock, 
and  are  chiefly  argentite,  with  some  cerargyrite  and  proustite. 

Bolivia  has  been  a  silver-producing  country  for  many  centuries, 
and  the  most  conservative  estimate  makes  its  total  output  up  to  1890 
exceed  1000  million  oz.  I'he  workings  of  the  Spanish  conquerors 
reached  a  maximum  depth  of  1700  ft.  from  the  outcrops,  with  abso- 
lutely no  other  means  of  raiHing  the  ore  and  water  than  the  backs  uf 
their  enslaved  Indians.  All  the  principal  mining  camps  in  Bolivia* 
appear  to  be  in  either  rhyolite  or  dacite  (the  **  trachyte  "  of  Dan  J 
Forbes),  generally  the  latter.  Such  is  the  case  with  the  great 
Huancnaca  mine,  and  also  with  the   no  le^s   remarkable    mines  of 

♦  A.  F.  Wendt,  «♦  The  Potoei,  Bolivia,  SUver  District/*  Trana.  Amer.  Inrt.  Mia- 
Kngs.,  Sopt  1890. 
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Colqnechaca;  wliile  the  Omro  mines  are  also  prbbably  in  daoite, 
although  some  of  the  specimens  seem  to  leave  a  doubt,  and  possibly 
there  has  aUo  Heen  an  eruption  of  rhyolite.  Fossils  prove  that  all 
the  eruptive  rocks  of  this  part  of  S.  America  are  post-Tertiary,  and 
not  post-Jurassic  and  pre-Tertiary,  as  supposed  by  Forbes.  The  most 
remarkable  silver  deposit  in  Bolivia  lies  in  the  conical  mountain  Cerro 
de  l^otosi,  a  section  of  which  is  shown  in  Fig.  163:  a,  argentiferous 
veins ;  &,  rhyolite ;  c,  shales ;  d^  sandstones  and  shales.  At  the 
sumnodt,  thermal  action  has  so  changed  the  rhyolite  that  it  is  a  practi- 
cally pure  quartz  (95  per  cent,  silica),  the  felspar  having  been 
dissolved  out.  It  has  been  long  supposed  that  the  veins  of  Potosi 
were  of  great  length  but  much  faulted,  whereas  Wendt's  investiga- 
tions prove  that  the  veins  constitute  a  stockwork,  with,  as  a  rule, 
fairly  well  defined  foot  walls,  but  no  precise  limit  of  ore  towards  the 
hanging-wall,  nor  indeed  any  real  hanging  wall.  What  few  faults 
do  exist  have  a  general  N.E.-S.W.  strike,  dip  slightly  N.,  and  are  very 
plainly  marked,  but  never  throw  the  veins  more  than  4-5  ft.,  and  are 
no  serious  hindrance  in  mining.  The  percolating  waters  which 
brought   in  the  silver  salts  in  solution  evidently  passed  through  a 


Fio.  163.— 81LVEB  Deposits  :  Gebbo  db  Potosl 

mass  of  shattered  rock  and  not  a  simple  fissure.  The  stock  works  have 
been  extracted  bodily  in  areas  over  100  ft.  across.  In  depth,  the  great 
veins  of  the  mountain  have,  in  Wendt's  judgment,  remained  just  about 
the  same  as  they  were  on  the  surface,  with  this  notable  diflferenoe,  that 
whereas  on  the  surface  the  various  ramifications  formed  a  stockwork 
which  oould  be  worked  at  a  profit,  such  a  condition  of  things  has 
ctaned  to  exist  in  the  harder  and  denser  rock  2000  ft.  below  the  top 
of  the  mountain.  The  fissures  still  continue,  but  only  the  strong 
veins,  that  is,  those  of  sufficient  width  to  be  worked  by  themselves, 
can  be  made  profitable.  Furthermore,  the  ores  bein^  *'  negrillos  "  or 
dense  sulphurets  of  iron,  are  more  expensive  to  mine  and  reduce. 
There  should  be  an  enormous  body  of  ore  where  the  E.-  and  W.- 
dipping  veins  form  a  juncture,  when  that  depth  is  reached.  The 
surface-ores  (•' paces")  were  wonderfully  rich,  and  composed  prind- 
pally  of  chlorides  mixed  with  native  silver.  They  were  also  much 
more  silicious  than  the  deeper  ores.  With  depth  or  penetration  the 
"  paces  "  become  **  mulattos,**  containing  iron  oxide  and  sulphur  (e.  g. 
24  per  cent,  silica,  18  iron,  4  sulphur),  and  eventually  "  negrillos," 
compact,  hard  iron    pyrites,  carrying  a  little   copper  pyrites,  and 
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sometimeB  zino-blende,  and  rarely  ^lena.  The  silYer  oocnn  as 
tetrahedrite,  yielding  about  700  oz.  silver  per  ton.  An  almost  oqd- 
Btant  aooompaniment  of  the  silver  ores  of  Potoni,  and  of  a  great  muj 
of  the  silver  ores  of  the  plateau  of  Bolivia,  is  tin,  in  the  shape  of  grev 
or  yellow  oxide.  Some  of  the  silver  veins  are  very  rich  in  tin  oiude. 
notably  so  the  Tajo*polo  and  the  Yeta  Estano.  Formerly,  the  old 
miners  left  the  tin  standing  in  the  veins ;  but  of  late  years  a  profit- 
able tin  industry  has  been  based  upon  the  oocurrenoe  of  these  oroi. 
The  following  average  analysis  of  the  pay-shute  in  the  Gotamitos  mine 
gives  a  fair  indication  of  the  character  of  the  ores : — Iron,  44^  pa 
cent. ;  sulphur,  82 ;  silica,  18 ;  tin,  Z\ ;  copper,  2^.  The  approxinttte 
average  assay  in  silver  is  60  oz.  a  ton,  b^oine  also  a  trace  of  goUL 
It  seems  as  if  the  whole  mass  of  the  mountam  of  Potosi  had  been 
subjected  to  thermal  action,  and  it  is  difficult  to  find  any  mineral  in 
the  mountain  that  does  not  contain  a  trace  of  silver ;  the  hard  quartz 
rock  at  the  top  all  coutains  a  few  (generally  under  8)  oz.  to  the  toe; 
the  pyrites  crystals  disseminated  through  the  rhyolite  oommaDlr 
asHay  |  oz.  to  the  ton.  A  cross-cut  driven  50-100  ft.  anywhere  in 
the  mountain  will  be  sure  to  cut  a  number  of  veins  more  or  less  wi<k 
Any  of  these  veing,  if  followed  a  sufficient  distance,  will  connect  with 
others  that  will  as  surely  lead  to  some  pay-shute  or  bonanza.  Tbii 
great  multiplicity  of  veins,  branches,  and  spurs  is  the  bane  of  the 
miner,  for  it  is  extremely  difficult  to  determine  where  and  when  t> 
stop  the  work  of  prospecting.  But  it  is  noteworthy  that  when  the 
veins  leave  the  rhyolite  they  become  poorer  in  silver.  The  preiait 
product  from  one  vein  only  is  about  400,000  oz.  yearly. 

The  Colquechaca*  veins  are  fissures  occurring  in  daoite  and  rhyolit^ 
the  main  lode  being  traceable  a  distance  of  over  2  milea.  It  dips 
into  the  mountain  from  about  75^  to  nearly  verticaL  The  vein  q>IitB 
in  the  Aullagas  mine,  but  is  undivided  throughout  the  othens.  Both 
branches  of  the  split  have  carried  rich  ore  of  the  same  character  u 
the  main  vein,  and  no  enrichment  has  been  noted  either  at  or  bek>v 
the  junction.  It  is  a  pocket  fissure,  and,  as  is  usual  in  such  veins,  tbt 
ore  IS  very  irregular  in  value.  The  thickness  varies  generally  betwcea 
2  and  12  in.,  the  richer  ore  occurring  in  zones  or  belts  sepamted  bf 
ground  either  nearly  barren,  or  carrying  lower  grade  ore.  Then 
variations  occur  both  horizontally  and  vertically ;  m  some  placet  tb« 
irregularities  are  abrupt  and  frequent,  forming  successions  of  pod^^'i 
1-3  ft.  or  more  wide.  The  vein  matter  is  usually  banded  in  stmotnre, 
often  containing  cavities  or  *'  vugs ''  lined  with  beautiful  ciystsb  of 
pyrargyrite  and  quartz  with  wire  silver.  It  is  clearly  defined,  va^ 
breaks  away  easily  from  the  country  rock.  Slickensides  and  ekj 
gouge  are  of  frequent  occurrence.  Two  classes  of  ore  are  dislifi* 
guided:  ** broza-guia,"  or  first  class,  and  '^broza,*'  or  second  cIml 
The  first  consists  mainly  of  pyrargyrite,  native  silver,  and  argaitite, 
sometimes  accompanied  by  high-grade  tetrahedrite.  Associated  with 
these  minerals  are  sphalerite  and  a  little  galena.  Mnsscs  of  Ueode 
and  galena,  with  ruby,  and  interlaced  with  filigree  silver,  and  lar^ 
pieces  of  native  silver  ore,  in  wire  and  filigree  form,  are  of  oomoMa 
occurrence.     The  greater  part  of  the  value  of  the  ore  is  carried  m 

♦  R.  Peele,  *•  The  Silver  Minea  of  Colqaechacn,  Bolivia,**  En.  and  Min.  Jl. 
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pure  massive,  orystalline,  mby  silver.  Large  and  perfeotlv  termi- 
Qated  crystals  of  pyrargyrite  are  often  found.  The  second  class  con- 
sists of  the  poorer  ore  associated  in  the  pockets  with  the  first  class, 
ind  of  the  lower  grade  material  carried  by  the  vein  in  the  portions 
lying  between  the  pockets.  The  values  of  the  two  classes  vary 
^eatlv ;  the  rich  ore  may  be  said  to  run  from  500  to  5000  oz.,  and  the 
second  class  firom  100  to  200  oz.  per  ton. 

Honduras*  possesses  a  remarkable  argentiferous  deposit  known  as 
the  Bosario  vein,  San  Juancito.  As  seen  in  Fig.  164,  it  lies  partly 
n  sedimentary  rocks  a  of  Triassio 
)r  Jurassic  age,  and  partly  in  erup- 
tive rock  h  which  is  a  compact 
'hyolite  composed  of  crystals  of 
)ligocla8e  in  a  felsitic  matrix.     In 

iie  vicinity  of  the  vein  there  is  no  ' 

mch  definite  contact  between  the 
tlate-ehales  and  intrusive  rhyolite 
IS  exists  to  a  much  greater  extent 
n  other  parts  of  the  mountain, 
lore,  the  two  interlock  in  a  sort  of 
ringed  edge,  the  rhyolite  pene- 
rating  between  the  strata  and  rais- 
ng  them.  The  stringers  of  slate- 
ihales  pinch  out,  however,  as  deptl^ 
nto  the  mountain  is  attained.  This 
argillaceous  shale  frequently  shades 
Dto  slate  on  and  near  the  surface, 
hewing  all  its  characteristics  ex- 
ept  that  of  cleavage  ;  but  with 
lepth  it  becomes  a  typical  black 
hale,  somewhat  baked  through  the 
ofluence  of  the  near  eruptive  rock. 

The  regular  course  of  the  vein 
brough  the  sedimentary  and  erup- 
ive  rock  shows  its  origin  to  have 

eon  somewhat  later  than  the  up-      Fio.  164.— Silver  Deposits,  San 
eaval  of  the  latter.     The  vein  is  Juancito,  Honduras. 

lassed  as  a  **  diaclase-"  or  "  fissure- 

mlt,*'  cutting  through  sedimentary  and  eruptive  rock  alike,  and 
raceable  for  over  6000  ft.  It  strik^  N.  74°  30*  E.  for  more  than 
hree-fourths  of  its  length,  and  despite  numerous  local  curves  and 
ends,  its  average  course  is  very  constant.  Its  average  dip  is  N.  63° ; 
nd  this  it  holds  with  great  regularity  as  distance  or  depth  is  attained. 
?he  vein  pinches  and  widens :  in  some  places  it  is  only  2  ft.  wide,  at 
thers  (usually  in  ore-bodies)  16  ft.  between  walls ;  its  mean  width 
lay  be  placed  at  4j^  ft  The  walls  are  well-defined,  but  seldom 
qually  hard  and  firm.  The  foot-wall  usually,  though  sometimes 
oth,  is  much  decomposed  and  broken  in  the  wider  stopes,  and  a  clay 
arting  often  runs  a  foot  or  two  inside  of  this  wall  parallel  to  the 

*  T.  H.  Leggett,  **  The  Bosario  Mine  at  San  Juancito,  Honduras,  C.A.,*'  Trans. 
Liner.  Inst.  Min.  Engs.,  xvii.  435. 
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vein,  necessifatiug  dose  stuUing  till  the  stope  can  be  filled  witbi 
waste.  The  vein  presents  most  of  the  oharacteristiGS  of  a  ^  true  fis- 
sure "  lode,  in  some  places  giving  beautiful  instances  of  banded 
structure.  Its  chief  peculiarity  is  a  tendency  to  split  into  two  distinct 
veins  in  the  more  barren  ground,  and  unite  into  one  consolidated  veia 
where  the  ore-bodies  occur.  Here  its  width  is  often  further  incmsed 
by  the  joining  of  feeders,  that  usually  enter  from  the  hanging-wall 
The  ore  extracted  is  chiefly  from  the  oxidised  zone,  and  is  a  thoroughly 
decomposed  sulphuret-ore,  carrying  much  native  silver  and  ohlonde^ 
with  free  gold  and  frequent  streaks  of  argentite  and  other  rich  ailvei 
sulphides.  The  lower  levels  show  the  unchanged  sulphides  of  iron^ 
oopper,  lead  and  2dnc.  The  gangue  is  quartz,  carrying  in  the  orei 
bodies  occasional  clay  streaks,  heavily  stained  with  the  hydraied 
oxides  of  iron  and  manganese.  Other  accompanying  minerals,  CoudJ 
less  frequently,  are  polybasite,  embolite,  pyromorphite,  wulfe&ite^ 
cerussite,  malachite,  azurite,  limonite,  manganite  and  pyroliudte. 

The  mining  belt  of  Peru  *  is  made  up  of  rocks  of  Jurassic  and  Cro 
taceous  ages.     The  great  silver  region  is  in  the  Gerro  de  Paaco^  anc 


Fio.  165. — Sn<VBR  Deposits  :  Gkbro  db  Pasoo. 

limestones  bound  the  argentiferous  formation  on  the  N.,  and  K,  an^ 
in  part  on  the  S.  A  general  section  is  shown  in  Fig.  165 :  a»  lim^ 
stone  conglomerate ;  6,  slates ;  c,  unaltered  andesite ;  d,  altered  andc 
site ;  e,  covered  by  bog ;  /,  argentiferous  formation,  highly  metamod 
phosed ;  g^  slates,  sandstones,  and  limestones  of  argentiferous  fonnatioi3 
very  much  less  metamorphosed ;  A,  limestone.  In  the  Cretaoeons  limi^ 
stone  are  numerous  veins,  some  striking  N.-S.,  and  some  E.— W.,  readj 
ing  6-10  ft.  wide,  and  carrying  rich  tetrahedrite  and  other  sulphide^ 
The  eruptive  jandesite  is  composed  essentially  of  distinct  crystals  li 
plagioclase  and  biotite.  The  argentiferous  formation  lies  between 
the  limestones  on  the  E.  and  the  andesites  on  the  W.,  with  an  area  li 
li  X  I  mile.  Following  current  phraseology, it  maybe  divided  int 
"surface-deposits"  or  ground  above  the  water-level,  and  •*de€ 
deposits "  or  ground  below  the  water-level ;  and  the  dividing  liiK 
between  these  two  classes  may  be  taken  roughly  as  occurring  nei 
the  general  level  of  the  Quiulacocha  tunnel,  which,  driven  wit 
varying  grades  and  now  caved  in  places,  imperfectly  drains  many  v 
the  mines.     This  tunnel  does  not  reach  the  northern  or  eastern  di^ 

i  tricts,  and  the  "  deep  deposits  "  occasionally  rise  nearly  to  the  surface 

oc 

^    ♦  A.  D.  Hodges,  "Topography  and  Geology  of  the  Cerro  de  Pasco,  Pcrnj 
'raus.  Amer.  lost.  Miu.  £iig8.,  zvi.  72il. 
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Above  the  water-level,  the  formation  consists  of  a  bigUy  metamor- 
phoeed  and  greatly  oxidised  material,  of  constantly  varying  structure, 
colour,  and  composition.  It  is  everywhere  very  silicious,  always 
yields  a  considerable  percentage  of  slimes  when  crushed  wet,  and 
everywhere  contains  at  least  traces  of  silver,  of  pyrites  and  of  carbonate 
of  lead  (and  of  lime).  Very  rarely  is  the  sUver  visible,  even  with 
the  aid  of  the  magnifying  glass,  and  then  principally  in  small  native 
scales  in  connection  with  quartzite.  Very  hard  and  very  soft  rocks 
often  adjoin,  and  large  bodies  of  solid  pyrites  in  a  chalcedonic  matrix 
are  found  at  varying  depths,  and  generally  in  close  proximity  to 
greatly  oxidised  materiaL  The  rock  along  the  western  slope  is  rather 
harder,  more  quartzose,  more  ferruginous,  and  on  the  whole  more 
uniform  in  its  silver  contents  than  elsewhere,  and  forms  what  may 
be  called  the  **  cascajo  zone,"  the  term  cascajo  being  applied  broadly 
to  those  ores  which  are  worked  by  the  patio  process.  East  of  this 
zone  the  silver  is  more  concentrated  in  pockets;  the  percentage  of 
lead  carbonate  is  somewhat  greater,  and  coppery  ores  are  more  fre- 
quent. But  the  formation  is  very  much  richer  in  copper  in  the 
district  southerly  and  southwesterly  of  Yanacancha;  and  the  lead- 
ores  occur  chiefly  at  the  north-east. 

A  typical  analysis  of  large  masses  of  cascajo  is: — 72  per  cent, 
silica,  13^  iron  peroxide,  6^  alumina,  2  iron  sulphide,  Ij^  lime  and 
magnesia  carbonates,  1^  lead  carbonate,  *55  manganese  peroxide,  *5 
iron  protoxide,  '4  zinc,  '3  sulphur,  '25  antimony,  '05  copper,  traces 
3f  arsenic,  and  from  traces  upwards  of  silver.  A  hard  pyritio  ore 
&om  deeper  deposits  shows  40  per  cent,  silica,  26J^  iron,  26]^  sulphur, 
2|  copper,  2^  antimony,  *  13  silver,  and  traces  of  arsenic  and  nickel. 
Grold  and  thallium  are  faintly  present.  Of  the  silver,  50-85  per  cent. 
a  metallic,  the  remainder  occurring  as  sulphides  or  antimonides,  or 
with  lead  carbonate ;  argentite  and  stembergite  occur  now  and  then. 
The  pyrites  are  iron  pyrite,  chalcopyrite,  rarely  bornite  and  mispickel, 
»ften  a  mixture  of  two  or  more  of  these  varieties.  Pure  pyrite  is 
Lsually  poor  in  silver,  but  not  always.  The  pyritio  material  is  often 
associated  with  silver  sulphides,  and  passes  into  tetrahedrite,  which 
<xia8ionally  is  very  rich.  The  sulphurets  of  silver,  copper  and  iron 
ELst  mentioned  are  common  to  the  formation  both  above  and  below 
he  water-level,  and  to  the  veins  in  the  limestone.  Bich  masses 
ccor  in  pockets  of  greater  or  less  size  and  irregularly  disposed.  The 
animon  idea  that  the  deposits  consist  of  three  great  parallel  veins 
oes  not  seem  to  be  borne  out,  and  Hodges  regards  them  as  much 
roken  and  altered  sedimentary  rocks  (slates,  sandstones,  and  lime- 
tones)  metamorphosed  by  andesitic  eruptions,  and  impregnated  by 
ubeequent  silicious  and  metalliferous  solutions. 

The  United  States  have  many  productive  silver-mining  districts. 
Q  Arizona,  the  Silver  King  mine  is  a  central  mass  or  chimney  of 
aartz,  with  innumerable  radiating  veinlets  of  the  same,  carrying 
ich  silver  ores  and  native  silver,  in  a  great  dyke  of  felspar  porphyry, 
rith  associated  granite,  syenite  (Blake),  porphyry,  gneiss,  and  slates, 
LI  of  Archa&an  age.  The  veinlets  ramify  through  the  strongly 
Itered  porph}  ry,  and  form  a  stock  work,  which  furnishes  the  principal 
res.    In  the  region  are  also  Paleozoic  strata,  whose  upper  limestone 
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beds  are  referred  by  Blake  to  the  Carboniferous.  The  minerals  at 
the  mine  are  native  silver,  stromeyerite,  argentite,  sphalerite,  galenite, 
tetrahedrite,  bomite,  chalcopyrite,  pyrite,  quartz,  calcite,  siderite, 
and,  as  an  abundant  gangue,  barite.  In  the  Tombstone  district,  & 
great  porphyry  dyke  up  to  70  ft.  wide,  cutting  folded  Paleoosoio 
strata,  and  itself  extensively  faulted  and  altered,  carries  above  the 
water  line,  in  numerous  vertical  joints  or  partings,  quarts  with  horn 
silver,  free  gold,  and  a  little  pyrite,  galenite,  and  lead  carbonate. 
Connected  with  other  fissures  parallel  to  this  dyke^  are  bedded 
deposits  in  the  limestone. 

At  Calico,*  California,  most  of  the  ore-deposits  oocnr  in  liparite 
(rhyolite)  or  in  its  tufas,  as  veins  along  fractures  and  dislocations  of 
a  more  or  less  regular  character;  as  simple,  onoe  open  and  sub- 
sequently filled  fissure-veins;  as  impregnations  along  oomfdex 
fissure-systems,  or  filling  and  cementing  more  or  less  extensivdy 
fractured  zones.  The  gangne  is  predominantly  barite  with  jasper; 
the  present  ores  are  haloid  salts  of  silver,  hydrosilicate  and  carbonate 
of  copper,  resulting  from  primary  rich  silver  sulphides  and  copper 
pyrites.  Another  class,  closely  connected  with  the  former,  occur  as 
irregular  surface-deposits  in  tufa  or  (rarely)  in  liparite,  in  the  former 
case  often  approximately  following  planes  of  bedding.  Still  another 
class  of  little-investigated  deposits  are  found  as  veins  in  the  Pliocene 
sandstone  or  on  its  contact  with  a  liparitic  breccia.  They  diffiar  firom 
the  rest  in  carrying  a  larger  quantity  of  lead-ores.  The  principal 
deposits  are  genetically  connected  with  fractures  and  dislocaticHis, 
and  their  origin  is  that  of  usual  fissure- veins  formed  by  precipitation 
or  deposition  from  aqueous  solutions.  The  smaller,  irregular  surface- 
deposits,  usually  occurring  in  the  tufa,  carry  exactly  the  same  ores  as 
the  fissures  and  are  rarely,  if  ever,  found  far  from  l^em ;  always,  too, 
on  a  lower  level.  The  only  difference  between  the  two  classes  of 
deposits  is  that  the  latter  carry  little  or  no  barite.  The  most  natural 
explanation  is  to  consider  them  as  having  been  deposited  by  the 
solutions  filling  the  fissures  and  overflowing  from  them.  The  ores 
are  almost  exclusively  chloride  and  chlorobromide  of  silver,  usually 
accompanied  along  the  fissures  by  a  gangue  of  barite.  Calcite  is  not 
very  frequent;  manganese  minerals  (pyrolusite,  &c.)  are  common; 
finely  distributed  rich  sulphides  occur  sparingly.  Small  masses  of  a 
black  sulphide  of  silver,  copper  and  lead  have  been  found.  There  is 
a  remarkable  absence  of  base  metals,  and  the  bullion  is  usually  very 
fine.  A  black  earthy  mass,  locally  called  "  black  oxide,"  proves  to  be 
a  mixture  of  barite  and  chloride-ore  stained  with  manganese.  The 
cerargyrito  and  emboli te  mostly  occur  as  thin  coatings  on  joints  and 
cracks,  but  often  also  imbedded  in  the  barite.  In  almost  all  the 
mines  the  ore  has  grown  poorer  or  disappeared  before  any  great 
depth  has  been  reached ;  in  none  of  the  few  exceptions  from  this  vule 
have  the  explorations  extended  more  than  200  feet  below  the  c 
On  the  other  hand,  the  gangue  continues  apparently  without 
ishing  or  changing.  Fig.  106  illustrates  the  formation :  a, 
h,  sandstones  and  clays ;  c,  liparite  tufa ;  d,  liparite ;  e,  ore  de] 

♦  W.  LiiidgTcn.  "  The  Silver  Mioee  of  Calico,  California,"  Trans,  hf^^n.  }mIl 
Mil).  Engs.,  XT.  717. 
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The  ore  deposits  of  Ouray  County,*  Colorado,  are  either  in  the 
Tertiary  eruptives  or,  confined  to  a  relatively  narrow  zone,  in  the 
sedimentary  beds  just  beneath  them.  The  ore- 
deposits  in  the  igneous  formation  would  be 
classed  as  fissure-veins.  In  addition  to  these, 
however,  there  is  a  form  of  fissure  locally  called 
"chimneys."  In  the  sedimentary  formation,  the 
orenieposits  are  either  fissures,  usually  along  xi^-iicxviv'!^ 
fault-planes,  or  intercalated  beds  between  lime- 
stone (foot-wall),  and  a  quartzite  or  shale  (hang- 
ing-wall). The  ore-body  of  greatest  commercial 
value  occurs  in  the  Carboniferous  crystalline 
limestone,  at  its  contact  with  the  overlying  pink 
quartzite.  The  minimum  thickness  of  the  vein 
material  is  3  ft. ;  but  it  extends  downward  into 
fche  limestone  for  a  very  variable  distance,  being 
nearly  100  ft.  thick  in  some  workings,  and  even 
reaches  nearly  to  the  base  of  the  limestone.  The 
^eatest  longitudinal  extent  of  these  bodies  of 
rein-materiad  is  in  a  direction  parallel  with  the 
itrike  of  the  enclosing  rocks.  The  rich  ore- 
X)die8  in  the  vein-material  are  very  irregular, 
ind  the  line  of  demarcation  between  rich  ore 
ind  low-grade  vein-material  is  exceedingly  in- 
[efinite.  There  is,  however,  an  apparent  ten- 
lenoy  of  the  richer  argentiferous  iron-ores  to 
ssume  a  horizontal  position,  while  the  light- 
oloured  kaolin  bands  with  which  the  lead-vaTues 
re  associated  assume  a  position  nearer  vertical 
long  the  original  fracture-planes  of  the  lime- 
tone.  The  pyrite  and  the  great  mass  of  the 
ein  material  is  low  grade  in  silver,  containing 
om  traces  up  to  20  oz.  per  ton.  The  silver 
dsts  as  sulphide,  rarely  native,  and  masses  of 
ilphide  are  found  almost  pure  (over  20,000  oz. 
Iver  per  ton).  Fig.  167  shows  the  formation : 
andesite ;  6,  upper  quartzite :  c,  pink  quartz- 
e;  d,  limestone;  e,  lower  quartzite;  /,  vein 
atter. 

The  Aspen  mining  district,t  Colorado,  ex- 
bits  an  impregnation  or  mineralisation  of  the 
untry  rock  in  place,  either  blue  limestone  or 
lomite,  in  the  neighbourhood  of  stratified  or 
Qlted  contacts.  The  method  by  which  the 
ineralisation  has  been  produced  differs  in  the 
ses  of  the  two  rocks.  The  dolomite  does  not 
^m  to  have  been  more  readily  decomposed  by 
e  mineral-bearing  solutions,  but  owing  to  its 

*  Q.  £.  Kedzie,  TraDs.  Amer.  Inst.  Min.  Engs.,  xvi.  570. 

t  W.  B.  Newberry,  **  Geology  of  the  Ajspen  Mining  rHstrict,"  Trans.  Amer.  Inat. 

0.  Bogs.,  xviii.  277. 
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short  Btmctnre,  and  many  cleavage  planes,  it  has  been  more  readilv 
permeable  by  them,  so  that  much  of  the  brown  limestone  ore  con- 
sists of  small  cubes  of  nearly  unaltered  dolomite,  witii  the  TalnaUe 
mineral  deposited  mainly  in  its  cleavage-planes.  The  dolomite  his, 
however,  in  many  cases,  thoroughly  lost  its  structure,  and  is  ofleB 
reduced  to  the  condition  of  a  dolomite  sand,  impregnated  witk 
valuable  mineral.    The  mineralisation  of  the  blue  limestone  seems  to 


Fio.  167.— SiLVBB  Deposits:  Oubat. 

have  been  accomplished  by  the  replacement  of  a  portion  of  the  calcite 
without  materially  altering  its  structure.  In  many  cases  the  lock 
retains  its  appearance,  and  the  mineralisation  can  only  be  disoorered 
by  assay.  !Even  in  such  cases  the  rock  usually  appears  more  ciystil- 
line  and  porous  than  when  barren.  The  faulted  contact  is  character- 
ised by  a  steeper  pitch  than  the  stratified  contact,  and  by  the  great 
quantity  of  wall-rock  contained  by  it,  and  the  strong  evidence  of 
motion.  There  seems  to  be  a  general  system  of  ore-shutes  in  these 
limestones,  having  a  southerly  direction,  often  interrupted  by  fitnlts, 
but  probably  in  many  cases  continuous  along  the  fault-planes.  From 
the  developments  so  far  made,  the  trend  of  these  ore-shutes  seenw  to 
be  about  S.  66°  W.,  swinging  slightly  to  S.  with  increased  depth. 
The  gangue  of  the  Aspen  ores  is  generally  either  limestone  or 
sulphate  of  baryta,  or  both,  passing  from  ores  containing  as  high  as 
90  per  cent,  carbonate  of  lime,  to  others  containing  70  per  cent 
sulphate  of  baryta.  The  amount  of  silica  in  the  ores  is  generally 
small,  rarely  running  over  20  per  cent.  The  bulk  of  the  ore  is  very 
low  in  lead,  that  containing  25  per  cent,  being  a  rarity ;  an  average 
would  contain  not  far  from  55  oz.  silver  per  ton,  with  less  than  5  per 
cent,  lead,  and  12-15  per  cent,  sulphate  of  baryta. 

Custer  County,  Idaho,  contains  several  well-known  mines.  The 
Bamshom  is  in  metamorphic  slates  on  a  fissure  vein  that  has  rich 
shoots  of  high-grade  silver  ores  in  a  siderite  gangue.  Other  minefl 
have  veins  in  porphyry,  with  quartz  gangue ;  and  others  again  are  in 
granite  areas.    Enormous  masses  of  ruby  silver  sometimes  occur. 

At  Silver  Islet,  Lake  Superior,  is  a  fissure  vein  carrying  native 
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silver,  argentite,  tetrahedrite,  galena,  blende,  and  some  nickel  and 
oobolt  Gomponnds  in  a  gangue  of  calcite,  in  flags  and  shales  of  tbe 
Animikie  (Cambrian)  system,  and  outting  a  large  trap  dyke,  witbin 
wbich  alone  tbe  vein  is  productive.  Silver  Islet  is  or  was  originally 
little  more  tban  a  bare  rock  some  90  ft.  square,  lying  off  tbe  north 
shore  of  Lake  Superior  jnst  outside  of  Thunder  Bay,  and  witbin  the 
Canadian  boundaries.  Native  silver  was  detected  outcropping;  beneath 
the  water.  The  vein  was  productive  to  a  depth  of  800-1000  ft.,  but 
below  this  it  yielded  little.  The  trap  dyke  has  usually  been  called 
diorite,  but  is  pronounced  to  be  norite  by  Wadsworth  and  gabbro  by 
Irving.  Some  600,0002.  was  obtained  from  the  mine,  yet  the  expenses 
were  so  great  in  keeping  up  the  surface  works  against  winter  gales 
and  ice  wiat  but  little  profit  was  realised.  The  vein  has  been  traced 
9000  ft.,  but  is  nowhere  else  productive.  Considerable  graphite  has 
been  found  in  the  workings;  and  according  to  W.  M.  Courtis,*  the 
silver  deposits  of  the  district  are  found  only  where  the  country  rock 
containfl  carbon  in  some  form ;  and  the  absence  of  the  carbonate  spars 
in  the  barren  parts  of  the  veins  seems  to  indicate  that  carbon  or 
hydrocarbons  played  an  active  part  in  the  deposition  of  the  silver 
and  the  formation  of  the  veins.  Some  of  the  vugs,  both  at  Silver 
Islet  and  the  Duncan,  contained  hydrocarbon  gas  under  great 
pressure. 

Montana  is  one  of  the  richest  silver  producing  states,  notably  in 
the  Butte  city  region.  In  the  basic  granite,  and  north  of  the  copper 
zone,  is  a  belt  carrying  sulphides  of  silver,  lead,  zinc,  and  iron  in  a 
silioious  gangue,  but  abundantly  associated  with  manganese  com- 
pounds of  various  sorts,  especially  rhodochrosite.  No  manganese  is 
Known  in  the  copper  belt,  nor  any  copper  in  the  silver  belt — ^most 
striking  phenomena  in  veins  in  tne  same  wall  rock.  There  are  as 
many  as  4  distinct  veins.  All  the  mines  show  that  the  ore  and 
gangue  have  replaced  the  granite  along  a  shattered  strip,  for  cross 
sections  exhibit  alternations  of  quartz  with  ore,  rhodochrosite,  crushed 
wall  rock,  residual  clay,  occasional  horses  of  granite,  &c.  In  the 
more  silicious  granite  west  of  the  butte  is  another  silver  belt  with 
the  same  ores.  Pig.  164  shows  a  cross  section  t  of  a  vein  40  ft  wide : 
a,  granite  country ;  6,  softened  granite  full  of  quartz  veinlets ;  c,  clay 
wall  with  decomposed  granite;  d^  quartz,  broken  and  seamed; 
e,  quartz  and  manganese  spar — "  curly  ore " ;  /,  quartz  and  ore — 
'*hard  vein."  The  cross-veining  of  the  granite  by  quartz  seains  is 
venr  extensive,  especially  at  the  300  ft.  level.  The  veinlets  intersect 
each  other  and  form  a  network,  enclosing  blocks  of  granite  1-3  ft. 
diam.  or  more.  The  central  portions  of  all  these  blocks  are  hard, 
dark-ooloured,  and  compact  unchanged  granite,  not  affected  by  the 
veins,  while  the  rock  next  to  the  veins  and  seams  is  softened  and 
partially  kaolinised,  turning  a  light  grey  colour.  The  veins  seem  to 
have  affected  the  rock  on  both  sides.  These  narrow  veins  extend  for 
many  feet  with  an  even  width,  and  do  not  fault  or  throw  each  other 
at  the  intersections.     The  vertical  veinlets,  1-6  in.  thick,  are  filled 

*  Trans.  Amer.  Inst.  Min.  Engs.,  xt.  673. 

t  W.  P.  Blake,  "Rainbow  Lode,  Butte,  Montana,"  Trans.  Amer.  Inst.  Min. 
Engs,,  xYi  65. 
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with  snlpliides,  while  the  highly  inclined  or  horizontal  seamfl  are 
nearly  harren.  Below  200  ft.,  the  quartz  in  the  lodes  is  white,  and 
the  metalliferous  contents  are  bright  and  glancing,  giving  a  brilliaiLt 
metallic  ore,  carrying  iron  pyrites,  galena,  zinc  blende,  and  silphide 
of  silver.  All  these  minerals  are  disseminated  in  the  quartz  in  a 
granular,  sub-crystalline  condition,  and  in  general  are  in  dcee 
mixture  and  association,  the  exception  being  the  iron  pyrites,  whidi 
is  frequently  disseminated  in  the  gangue,  a  little  apart  from  the 
galena  and  blende.  Wire-silver  occurs  not  only  in  the  quartz  t^- 
stone,  or  with  the  well  defined  ore,  but  sometimes  in  the  granitk 
rock  of  the  horses  or  divisions  of  the  lode,  apparently  disoomiected 
from  any  vein-stone.  Masses  of  the  ^  blue  ores  "  are  often  covered 
with  such  filaments  and  ¥dres  of  silver,  so  thickly  matted  and  corkd 
over  the  surface,  as  to  resemble  a  woolly  covering.  Theee  filauaentg 
are  often  several  inches  long.  They  are,  in  general,  not  much  thicbr 
than  horse-hair;  but  specimens  have  been  taken  out  which  exhUa; 


Fia.  168.— SiLVEB  Deposits:  Butte,  Moktaka. 

the  silver  in  curled  masses  \  in.  thick.  Gold  is  always  whu^-^ 
with  the  native  silver.  There  are  some  good  reasons  to  support  tb? 
opinion,  that  the  silver  and  gold  are  not  disseminated  in  the  balk  d 
the  ore,  but  chiefly  in  certain  layers  or  portions  of  it,  and  in  a  oks- 
paratively  free  state,  not  enveloped  or  combined  with  the  bift? 
metals  or  their  sulphides.  This  suggests  the  jwssibility  of  workiE^ 
the  ores  without  roasting.  Some  of  the  massive  sulphides  of  le»i 
and  zinc,  almost  free  of  quartz,  contain  but  little  silver.  Otl^ 
portions  are  extremely  rich. 

In  Deer  Lodge  County,  Montana,  are  very  rich  silver  depo^tE  ii 
fissure  veins  in  eruptive  granite.  The  pay  shoots  do  not  reii 
within  100  ft.  of  the  surface.  A  broad  zone  of  mineralised  limat®' 
follows  the  edge  of  the  granite,  and  contains  large  bodies  of  mangins* 
ore  carrying  more  or  less  silver.  The  Drumlumu 
are  on  the  contact  between  a  granite  knob  and  the 
morphic  schists. 

In  Nevada,  the  ores  are  in  general  silver-lea< 
veins  with  sulphides  in  quartzite  and  granite.    A 
Pine  County,  the  ore  bodies  occur,  according  to 
four  forms,  all  in  Devonian  limestone: — (1)  in  fie 
anticlinal  axis;  (2)  in  contact  deposits  between  1 
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shales;  (3)  in  beds  or  ohambers  in  the  limestone  parallel  to  the 
stratification ;  (4)  in  irregular  vertical  and  oblique  seams  across  the 
bedding.  The  ore  is  chiefly  chloride  of  silver  in  quartz  gangue.  It 
ifl  thought  by  Hague  to  have  probablj  come  up  through  the  main 
cross  fissure,  and,  meeting  the  impervious  shale,  to  have  spread 
through  the  limestone  in  this  way.  The  ore  bodies  of  the  Reese 
River  district  are  in  a  hill  of  biotite  granite  pierced  by  a  rhyolite 
dyka    At  Tuscarora,  the  veins  lie  in  decomposed  homblende-andesite. 

The  great  Ck>mstock  Lode  *  is  a  fissure  vein,  4  miles  long,  forked 
into  two  branches  above,  along  a  line  of  faulting  in  eruptive  rocks  of 
the  Tertiary  age,  chiefly  andesites.  In  the  central  part  of  the  vein, 
the  displacement  has  been  about  3000  ft,  shading  out,  however,  at 
the  ends.  The  ores  are  high-grade  silver  ores  in  quartz,  and  occur  in 
;reat  bodies,  called  '*  bonanzas,*'  along  the  east  vein.  Over  60,000,0002. 
in  gold  and  silver  has  been  extracted,  in  the  ratio  of  two  of  the 
'ormer  to  three  of  the  latter.  This  remarkable  vein  strikes  N.-S., 
iips  £.  about  43^  and  is  usually  20-60  ft.  thick,  swelling  to  several 
lundred  feet  in  places.  The  ore  bodies  are  soft  and  irregular ;  and  the 
emperature  of  the  workings  is  excessive  (air  126°  F.  and  water  as 
ligh  as  170*^  F.). 

Some  of  the  Utah  silver  mines  have  been  mentioned  under  Lead, 
rhe  Ontario  mine,t  ^^  Summit  County,  is  on  a  vein  4-23  ft.  (average 

I  ft.)  wide,  in  quartzite,  which  has  been  worked  on  a  length  of  6000  ft. ; 
he  best  parts  of  the  mine  have  quartzite  walls ;  the  ores  are  silver 
:lanoe,  grey  copper,  galena,  blende,  &o.  Similar  veins  occur  in  the 
eighbonrhood.  In  riute  County  are  a  number  of  mines  in  quartz- 
orphyry  or  between  limestone  and 

uartzite.     At  Silver  Eeef  are  en- 

)untered  deposits  of  native  silver, 

rgentite   and    cerargyrite    impreg- 

ating  Triassic  sandstones.      Above 

drmanent  water  line  the  ore  is  horn 

Iver;    below,  argentite.      The  im- 

regnation  is  probably  due  to  igneous 

itbreaks  subsequent  to  the  deposi- 

on  of  the  sandstone.    Even  where         Fio.  169.— 8n,vBR  Deposits: 

>  sUver  is  visible  in  the  rock  it  may  ^"'^  ^^^  ^^^"• 

Donnt  to  30  oz.  per  ton.     The  for- 

ation  exhibits  much  irregularity  and  faulting,  as  s^n  in  Fig.  169 : 

impiiegnated  sandstone  (ore) ;  6,  barren  sandstone. 

Treatfoeid, — The  extraction  of  silver  from  its  ores  and  combina- 
>n8  is  effected  by  a  number  of  processes,  which  may  be  grouped 
ider  three  heads : — (a)  Amalgamation,  in  which  the  silver  is  caught 

mercury ;  {hi)  Smelting,  where  a  lead  or  copper  bath  is  the  reoep- 
cle  of  the  silver ;  and  (c)  Lixiviation,  or  solution  in  alkaline  liquors, 
finetiines  a  combination  of  two  or  more  processes  is  employed. 

Amalgamation  is  only  adapted  to  the  free-milling  ores,  generally 
ose  found  near  the  surface,  and  which  are  free  from  sulphur.  If 
Iplmr  is  present,  it  must  be  removed  by  a  preliminary  roasting, 

II  oh  is  accomplished  in  furnaces  of  several  types.    The  older  forms 

•  J.  F.  Kemp,  •  Ore  Depoeite,'  p.  233.  t  Ibid.,  p.  225. 
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are  the  long  hand-worked  reverberatories  (see  p.  439),  the  Howell- 
White  and  Brtiokner  revolving  cylinders  (see  p.  439),  and  later  the 
Stetefeldt  shaft,  to  be  now  described.  More  recently,  we  have  Pearoe'i 
turret  furnace  (see  p.  440),  and  others  of  that  type. 

The  Stetefeldt  furnace.  Fig.  170,  consists  of  a  contracting  shaft  o, 
heated  by  two  fireplaces  h ;  the  flue  c  which  carries  off  the  waste  gases 
and  dust  is  heated  by  a  supplementary  fireplace  <i  The  charge  it 
admitted  by  the  iron  hopper  e,  provided  with  a  draw-valve  /,  and 
surmounted  by  a  compbcated  mechanism  for  regulating  the  feed. 


Fig.  170. — Stetefeldt  Fubmagb. 

The  fire  gases  from  h  enter  the  shaft  a  at  ^,  and  a  supply  of  free  air 
is  admitted  at  h  under  proper  control.  These  ascend  together  and 
meet  the  falling  stream  of  powdered  ore  (30-40  mesh).  At  t  are  peep- 
holes, and  at  A;,  openings  ^r  the  insertion  of  tools  to  remove  slagged 
ore  from  the  furnace  walls  if  any  should  form.  The  roasted  ore 
collects  in  the  pit  Z,  and  is  drawn  away  at  nt  into  ears  n.  The  dust 
flue  c  has  a  number  of  working  doors  o,  and  delivers  its  accumulations 
into  the  pits  ^,  which  discharge  into  cars  r.  The  fire  gases  from  ^ 
lay  over  the  contents  of  jp.     O^mmon  dimensions  are  :  shaft,  30-3o 
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up  to  50  ft.  high,  and  4-6  up  to  6  ft.  square;  walls,  of  brick,  8  in. 
thick  and  3  in.  apart,  the  interval  being  filled  with  sand  or  ashes  to 
conserve  the  heat.  In  working  silver  ores  it  is  usnal  to  give  a 
'*  chloridising  "  roast,  salt  being  mixed  with  the  ore  before  charging ; 
it  decomposes  in  the  ftumace  and  attacks  the  silver,  forming  an  arti- 
ficial chloride.  This  reaction  is  favoured  by  the  greatest  heat  per- 
missible short  of  sintering  the  ore,  and  is  prolonged  by  keeping  the 
ore  hot  after  it  has  been  drawn  from  the  fdmaoe.  When  running 
imder  a  strong  draught,  the  capacity  of  the  furnace  is  large,  and 
fally  half  the  ore  passes  over  into  the  dust  flue  c,  about  80  per  cent, 
falling  in  the  first  pit  j? ;  the  usual  total  amount  of  dust  is  30-50  per 
cent.  By  leaving  the  dust  for  a  long  time  (some  days)  in  the  flue, 
chlorination  is  perfected.  At  9  the  gases  pass  to  a  chimney,  which 
should  be  50-100  ft.  high  and  4-5  ft.  square,  and  is  best  built  on  high 
ground.  The  capacity  of  the  furnace  varies  chiefly  with  the  ore,  say 
from  30  tons  per  24  hours  with  compact  sulphurets  to  65-70  tons 
with  loose  oxidised  ores.  The  loss  of  volatilised  silver  (augmented 
when  antimony,  arsenic,  or  zinc  is  present)  is  said  to  be  much  less 
than  with  reverberatory  hearths.  The  consumption  of  salt  varies 
much,  and  can  only  be  determined  by  experiment  in  each  case.  A 
sufficiency  should  always  be  used ;  but  where  its  cost  is  very  high,  it 
will  form  a  serious  item.  The  Butte  ores  require  15  per  cent.,  which 
has  amounted  to  IO9.  per  ton  of  ore  chloridised.  The  labour  for  a 
fornace  treating  25  tons  per  24  hours  is  1  fireman  and  2  feeders  per 
shift.  The  fuel  consumption  varies  with  the  ore,  but  averages  2\ 
cords  good  dry  wood  per  24  hours  for  20-25  tons ;  it  may  be  as  little 
«8  \\  cord  for  very  oxidised  ore,  and  as  much  as  5  cords  for  sulphides. 
A  furnace  to  treat  40-100  tons  per  24  hours  will  require  5000  fire- 
brick, 250,000-275,000  common  brick,  3000-4000  cub.  ft.  of  stone, 
and  about  20  tons  of  ironwork.  Ores  varying  from  30  to  800  oz. 
sQver  per  ton  are  roasted  in  this  furnace,  and  the  chlorination  effected 
ranges  from  85  to  95  per  oent. 

The  *'  Freiberg  "  process  is  also  known  as  the  "  barrel "  process  of 
amalgamation.  The  following  description  supposes  its  application  in 
conjunction  with  the  reverberatory  hearth.  Points  to  be  kept  in 
view  are : — (a)  The  ore  must  not  contain  more  than  4  per  cent,  lead 
or  1  per  cent,  copper,  {b)  There  must  be  34  per  oent.  iron  pyrites 
present,  (c)  The  ore  is  mixed  with  10  per  cent,  salt  and  very  care- 
fully calcined;  a  double-bedded  furnace  is  the  best,  being  of  such 
construction  that  the  mineral  can  be  gradually  raked  from  the  coolest 
portion  of  the  upper  bed  to  the  hottest,  and  thence  through  a  hole  on 
to  the  coolest  portion  of  the  lower  bed,  and  ultimately  to  the  hottest 
portion  of  the  lower  bed ;  the  heat  should  be  very  carefully  applied, 
80  as  to  avoid  the  clotting  of  the  ore,  a  mishap  to  which  it  is  liable  on 
account  of  the  large  amount  of  sulphur  present ;  it  should  also  be 
borne  in  mind  that  at  a  strong  red  heat  silver  chloride  volatilises. 
((f)  The  calcined  ore  must  be  carefully  sifted,  so  as  to  separate  the 
clotted  portions,  if  any ;  these  latter  being  crushed  and  recaldned 
with  a  fresh  charge  of  ore.  The  sifted  portion  should  be  intimately 
mixed  with  2-3  per  cent,  salt,  and  again  calcined,  (e)  The  twice- 
calcined  ore  is  ground,  and  passed  through  a  fine  sieve.     (/)  Then 
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put  into  the  barrels,  the  charge  for  each  barrel  being  10  cwt.  ealemed 
ore,  3  cwt.  water,  and  80  lb.  wronght-iron  scraps  in  pieces  as  amall 
and  regular  as  possible.  In  charging,  the  water  is  introduced  firet 
then  the  ore,  and  finally  the  iron.  The  barrels  are  now  set  rotating, 
and  a  thorough  incorporation  of  the  mass  is  attained ;  this  is  one  c^ 
the  most  important  points  of  the  process,  as  the  iron  reduces  tk 
silver  chloride  (formed  during  the  calcining)  to  metallic  silver,  a 
process  which  otherwise  the  mercury,  subsequently  added,  will  h&re 
to  perform  with  much  loss  of  mercury  in  the  form  of  calomel  (meicoij 
chloride) ;  after  having  been  rotating  for  about  2  hours,  the  contend 
of  the  barrels  are  examined,  and  a  proper  consistency  is  arrived  at  bj 
adding  more  water  or  calcined  ore,  as  the  case  may  be.  {g)  5  cvt 
mercury  is  added,  and  the  rotation  is  continued  for  about  18  hours, 
the  barrels  revolving  about  16  times  a  minute ;  the  contents  are  then 
examined,  and  if  amalgamation  is  found  to  have  taken  place  satii- 
factorily,  the  barrels  are  filled  up  ^ith  water,  and  after  being  rotated 
slowly  for  about  2  hours,  the  amalgam  is  drawn  ofL,  and  subseqaendr 
the  slime,  the  latter  being  carefally  washed  to  collect  small  globules 
of  mercury  that  may  be  disseminated  through  the  mass ;  the  matter 
washed  away  should  be  passed  over  a  slime  table.  The  rate  of  rota- 
tion should  be  neither  so  rapid  as  to  cause  the  mercury  to  stick  to  tlie 
sides  of  the  barrels,  nor  so  slow  as  to  allow  it  to  collect  in  the  lowest 
portion. 

The  Patio  (Mexican),  the  Cazo  (Chilian),  and  the  Fondo  (Bdiyian) 
processes  *  are  virtually  one,  and  are  the  basis  of  the  practical  metal- 
l^irgy  of  silver  in  all  Spanish-speaking  countries ;  yet  they  present 
some  differences  worth  noting.  The  ore  is  usually  first  hand-sorted 
according  to  its  richness  or  to  the  gangue,  and  sometimes  imdergoei 
a  preliminaiy  pile-roasting  to  remove  excess  of  sulphur ;  it  is  tki 
pulverised  in  stamp  batteries,  Chilian  mills,  rolls,  or  breakers,  b 
next  passes  to  the  artaxiTa^  a  rude  yet  efficient  machine,  oonsistini 
essentially  of  a  shallow  circular  space  12-14  ft.  diam.,  paved  witfc 
slabs  of  hard  stone,  and  having  stone  walls  20  in.  high,  and  famished 
with  a  central  post  carrying  4  arms,  each  of  which  drags  a  heavj 
hard  stone  as  it  rotates,  driven  by  mule,  water,  or  steam  power.  The 
duty  varies  from  600  to  1200  lb.  per  24  hours,  sufficient  menaiy 
being  added  to  amalgamate  all  the  free  gold  and  silver  present,  acd 
water  to  make  a  pulp.  The  rubbing  in  presence  of  mercury  renden 
this  a  most  effective  machine,  though  slow ;  and  the  absence  of  irQ&* 
work  eliminates  one  of  the  sources  of  trouble  encountered  in  modem 
machines  designed  to  replace  it,  when  working  on  acid  ores. 

Amalgamation  in  the  arrastra  is  only  used  when  the  ore  carriee 
free  gold  or  silver,  or  bromides,  chlorides,  or  iodides  of  the  latter 
Otherwise,  it  is  simply  a  fine  grinding  process  in  preparation  for  tb 
j^tio.  This  is  a  large  court  with  a  paved  and  slightly  inclined  flocc 
on  which  the  liquid  pulp  from  the  arrastra  is  spread  to  dry  till  it  !»• 
a  thick  muddy  consistence,  when  it  is  piled  in  extemporised  en- 
closures of  15-160  tons  each,  called  torto«,  in  a  bed  about  10 in.  thid; 
and  4-5  per  cent,  salt  is  evenly  scattered  over  it,  and  incorporated  bj 
spading  and  more  particularly  by  a  laborious  prooess  of  treading  bj 

*  T.  Egleston, '  The  Patio  and  Gaze  Proceas  of  Amalgamating  Silfor  Oraa' 
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nanles,  wbich  bo  maoliinery  has  efficiently  superseded.  The  next 
$tep  is  to  add  the  mcigistral,  an  uncertain  mixture  of  copper  and  iron 
nilpbates  and  oxides  with  many  impurities,  obtained  by  calcining 
jopper  and  iron  pyrites,  but  the  efficiency  of  which  depends  solely 
)n  the  copper  sulphate  present.  The  quantity  of  magistral  used  will 
.aiy  with  its  quality,  but  is  commonly  i-2  per  cent.,  depending 
)artly,  also,  on  whether  the  ore  contains  antimony,  arsenic,  sulphur,  or 
inc;  it  is  applied  as  a  hot  solution.  Mercury  at  the  rate  of  6-8 
imes  the  silver  contents  is  introduced  by  squeezing  little  showers 
hrough  canvas  bags  at  intervals,  and  the  whole  mass  is  most 
horoughly  incorporated — ore,  magistral,  and  mercury — by  further 
mle  treading.  Temperature  and  correct  proportions  of  magistral 
irgely  influence  the  result,  excess  of  either  causing  an  exceptional 
J6S  of  mercury,  which  is  normally  equal  to  the  silver  extracted.  The 
peration  is  very  slow,  occupying  2-3  weeks  in  summer  and  6-7  weeks 
1  winter.  The  theory  of  the  process  is  much  debated,  but  seems  to 
e  as  follows: — The  mercury  acting  on  the  copper  chloride  makes 
lb-chlorides  of  both ;  the  copper  chloride  absorbs  oxygen,  which  acts 
n  the  silver  sulphide,  makes  sulphuric  acid^  and  leaves  the  silver  in 
metallic  state  to  be  absorbed  by  the  mercury ;  the  sulphuric  acid 
)t  A^e  acts  on  the  sodium  chloride,  and  forms  soda  sulphate ;  chlorine 

given  off,  combines  with  the  sub-chloride  to  make  copper  chloride, 
hich  is  again  decomposed,  and  so  on.     The  action  of  the  chemicals 
I  the  pile  is  especially  slow  if  silver  sulphide  is  present,  in  which 
i8e  the  loss  of  hiercury  is  also  very  large ;  when  the  whole  of  the 
Iver  is  in  the  state  of  sulphide,  a  large  part  of  it,  up  to  40  per  cent., 
lost.   The  mercury  transforms  the  copper  chloride  into  sub-chloride, 
hich,  like  silver  chloride,  is  soluble  in  an  excess  of  salt ;  the  sub- 
iloride  in  this  state  acts  more  energetically  on  the  silver  sulphide 
lan  the  chloride ;  copper  sulphide  is  formed, 
hile   the  silver   is   precipitated,    and   the 
pper  chloride  is  formed  again  by  giving  up 
ilf  the  copper,  which  becomes  a  sulphide, 
lis  advantage  is  gained  only  at  the  expense 
a  very  large  quantity  of  mercury. 

Test  samples  are  repeatedly  taken,  and 
len  they  show  that  not  less  than  75  per 
at.  of  the  silver  is  amalgamated,  the  mass 
washed  as  quickly  as  possible,  either  in 
fina  (mechanical  settler)  or  in  a  lavadero 
>x  settler).  The  latter  (Fig.  171)  is  built 
-ectly  on  the  edge  of  the  patio  a,  the  walls 
>eiiig  of  stone,  lined  with  cement ;  it  mea- 
res  6  ft.  long,  3  ft.  deep,  and  IJ  ft.  wide, 
i  has  a  platform  c  from  which  it  is  fed,  and  Fia.  171.— Lavadero. 
Tont  of  plank  d,  perforated  by  6  holes  e, 

in.  diam.,  closed  by  wooden  plugs,  which  let  off  the  slimes  into  a 
-tical  partition  /,  whence  they  pass  to  the  inclined  trough  ^, 
nished  with  a  series  of  mercury  traps  h.  The  material  is  carried 
to  the  platform  c  by  means  of  the  stairs  t,  and  is  fed  slowly  into 
;  settler,  with  a  stream  of  water,  while  two  men  get  into  the  settler 
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and  keep  the  contents  agitated  by  their  feet,  the  fines  flowing  off  by 
the  various  holes  e  as  fast  as  the  water  runs  in.  Much  skill  is  needed 
to  prevent  loss  of  floured  mercury  with  the  slimes,  and  the  work  is 
done  more  quickly  and  easily  by  the  modem  mechanical  setthng  pan. 
The  heavy  valuable  portions  (amalgam,  mercury,  and  onatUcked 
Bulphurets)  collected  in  the  settler  and  in  the  traps  are  concentiated 
in  various  contrivances,  and  the  silver  is  recovered  by  retorting  the 
amalgam  as  usual.  The  whole  process  is  much  more  wastefol  than 
the  Freiberg  barrel,  and  is  only  adapted  to  hot  dry  climates,  bat  it 
needs  no  capital  to  speak  of. 

The  Cazo  or  Fondo  process  is  very  simple  and  rapid,  and  consists 
in  boiling  the  argentiferous  matters,  with  addition  of  salt,  copper 
sulphate  and  mercury,  under  constant  agitation,  in  order  to  (^ed 
amalgamation.  Originally  the  cazo  or  cauldron  was  entirely  of  copper, 
but  now  the  sides  are  generally  of  wood.  Water  is  added  in  suffid^kcr 
to  make  the  pulp  thin,  and  it  is  brought  to  the  boiling  point  before 
any  salt  is  added  ;  5-15  per  cent  of  the  latter  is  used.  ConstaGt 
agitation  to  prevent  adhesion  to  the  copper  bottom  is  most  essential 
Sometimes  large  pieces  (over  1  cwt.)  of  copper  are  suspended  in  tbc 
cazo  and  rotated  as  mullers.  The  loss  of  mercury  is  only  about  2  pe: 
cent.  Silver  sulphides  are  not  acted  on,  and  any  present  will  be  imsA 
in  the  tailings.  When  the  ore  contains  much  bromide  or  chloride, 
lead  to  the  extent  of  25  per  cent,  of  the  weight  of  silver  present  k 
first  added  to  the  mercury,  and  thus,  by  its  greater  ^finitj  for 
bromine  and  chlorine,  saves  the  mercury  from  attack,  and  reduce* 
the  loss  of  mercury  £h)m  150  per  cent,  aown  to  25  per  cent  on  tie^ 
weight  of  silver  extracted. 

The  working  of  the  process  of  chloridising-roast  and  amalgaxnatksi 
at  the  Colquechaca  mines,*  Bolivia,  is  as  follows  : — The  rich  ore,  abort 
300  oz.  per  ton,  is  shipped  to  Europe ;  the  rest  is  treated  loo^y.  A 
battery  of  11  400-lb.  stamps  crushes  8  tons  per  24  hours  in  the  vet 
season  and  ^  in  the  dry.  Single-hearth  reverberatories  roast  6  charge^ 
and  double-hearth  7  charges,  of  400  lb.  per  24  hours;  and  V^  p^- 
cent,  salt  is  added  2^^  hours  after  the  ore.  Fuel  is  yareta  or  taqnk 
350  lb.  for  each  charge,  costing  9(i.  per  100  lb.  Labour  costs  U.  6d 
and  salt  1«.  8c2.  per  (marge.  The  fondos  take  15U  lb.  ore  and  50 II 
salt  every  3  hours ;  labour  costs  I9.,  fuel  I9.,  and  salt  la.  8d.  per  charge; 
and  10-12  lb.  mercury  are  used  for  each  250  oz.  silver  in  the  ore,  t^^ 
loss  being  \  oz.  per  oz.  silver  produced,  or  8  lb.  mercury,  costing  ^^ 
per  ton  of  ore.  Wooden  barrels  sometimes  replace  the  fondos,  aci 
take  a  charge  of  600  lb.  ore  and  200  lb.  tailings,  requiiinf^  6-8  husis 
for  120-150  oz,  ore,  and  15  hours  for  250  oz.  upwards;  each  barrJ 
has  25-30  IJ-lb.  copper  balls  to  mix  the  charge ;  salt  used  per  chaip^i 
125  lb.,  costing  4*. ;  mercury,  1-1 J  oz.  per  oz.  silver  in  ore ;  labos: 
costs  1«.  6(2.  per  charge,  fuel  5(f.,  salt  38.  9(2. ;  total  cost,  indadlB: 
mercury  loss  aud  wear  and  tear,  7«.  per  600  lb.  The  ore  genenUy 
carries  250-300  oz.  silver,  and  the  loss  in  tailings  is  25-33  per  oeit 
The  actual  cost  per  ton  of  2000  lb.  is  approximately : — 

Crushing :  labour,  6«. ;  repairs,  3«. ;  total,  9«. 

Boasting:  labour,  7«.;  salt,  8«.;  fuel,  12«.;  repairs, dc,  2#.;  total, ^*« 
♦  R.  Peele,  op.  cit. 
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Barrel  amalgamation :  labour,  59. ;  salt,  12«. ;  fuel,  1«.  6<2. ;  mercury 
loss,  14«. ;  repairs  and  copper  loss,  69. ;  total,  38^.  6c2. 

Fondo  amalgamation  :  labour,  18«. ;  salt,  2I9. ;  fuel,  12«. ;  repairs, 
2«. ;  mercury  loss,  80«. ;  total,  78«. 

Betorting,  &o.,  h%. ;  superintendence  and  office  expenses  on  150  tons 
a  month,  12«. ;  general  expenses  and  interest,  8«. ;  total,  25^. 

Grand  total  with  barrels,  hi,  \%.  6c2.  per  ton ;  grand  total  with 
fondos,  11.  1«.  per  ton. 

Francke*s  Una  process*  is  simply  a  fondo  heated  by  steam  and 
agitated  by  steam  power.  The  fondo  extracts  *  80-85  per  cent,  of 
the  silver  in  the  very  base  ^galena,  blende,  &c.)  Bolivian  ores,  while 
the  tina  does  better;  and  tne  cost  of  the  fondo  process  at  Potosi, 
running  the  stamps  by  water  power,  is  not  quite  8/.  a  ton  (2000  lb.). 
Wendt  replaced  the  local  form  of  calcining  furnace  by  lump-roasting 
kilns,  using  no  fuel,  and  reduced  the  cost  to  I9.  Sd.  a  ton,  attaining  also 
volatilisation  of  the  antimony  and  arsenic,  and  rendering  subsequent 
stamping  a  very  easy  matter,  but  unpleasant  owing  to  excessive  dust. 
Pile-roasting  removed  more  sulphur,  but  less  antimony  and  arsenic, 
rhe  sweet  ore  then  goes  to  the  ohloridising  roast.  Eotary  roasters 
jave  10-15  per  cent,  loss  by  volatilisation,  while  3-floor  gas-fired 
reverberatories  reduced  it  to  5  per  cent.  Complete  oxidation  before 
ohloridising  is  the  remedy.  Dealing  with  the  75-80  oz.  ores  of  Potosi, 
^Vendt  got  an  extraction  of  80  per  cent.  (10  per  oent.  lost  in  roasting 
md  10  per  cent,  in  the  tailings)  silver,  900  fine,  costing,  on  8  tons  a 
lay,  about  3Z.  a  ton.  The  tin  oxide  encountered  in  the  ore  is  mostly 
cashed  out  and  concentrated  for  market  before  charging  into  the 
bndo9  ;  it  carries  some  silver  when  smelted. 

At  many  mines  there  is  considerable  ore  that  is  too  low  grade  to 
ustify  smelting  or  preliminary  roasting,  and  not  free  enough  to 
kmalgamate  raw.  Concentration  may  then  be  advisable.  As  an 
ixample  of  this,  the  figures  obtained  at  Black  Pine,!  Montana,  may 
)e  quoted.  The  concentrates,  20  into  1,  contained  82^  per  cent,  silica, 
►  lead,  8i  copper,  1  •  19  sulphur,  •  81  zinc,  and  •  54  silver.  A  year  s 
working  to  May  31, 1889,  gave  9062  tons  crushed ;  average  per  stamp, 
!'612  tons  per  24  hours;  average  assay  of  ore,  22*67  oz.  silver  per 
on;  concentrates  produced,  542  tons;  average  assay,  136*17  oz. 
ilver ;  percentage  saved,  83  *  45 ;  total  cost  per  ton,  17#.  6(i.,  viz.  10«.  2d. 
or  labour  and  superintendence,  2%,  for  mercury.  Is.  Id,  for  castings 
.nd  iron,  \%.  3(2.  for  salt  and  other  chemicals,  lOd.  for  fuel,  5d.  for 
ubricants  and  illuminants,  and  I9.  3(2.  miscellaneous.  The  escaping 
limes  from  the  mill  were  found  to  be  carrying  52  oz.  silver  per  ton, 
r  double  the  contents  of  the  ore  going  into  the  battery.  This  was 
^rtially  remedied  by  using  the  slime  waters  in  the  battery  instead 
•f  clean  water,  and  at  the  heads  of  the  concentrators.  The  best  size 
o  crush  to  was  found  to  be  40  mesh.  Pan  amalgamation  is  used,  the 
aoet  suitable  charge  proving  to  be  50  lb.  salt,  2  lb.  sulphuric  acid, 
nd  \  lb.  potassium  cyanide,  with  100  lb.  mercury  strained  in  after 
he  pan  has   been  running  4  hours;    the  pulp  is  steam-heated  to 

♦  A  F.  Wendt,  op.  cit. 

t  C.  W.  Goodale  and  W,  A.  Akers,  "  Concentration  before  Amalgamation,  &c.," 
ranfl.  Amer.  Inst  Miu.  Engs.,  June  1889. 
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IdO""  F.,  and  the  charge  is  run  at  65  rev.  for  8  boors ;  settlerB  are  nm 
14  rev.,  and  give  good  agitation  with  8-in.  shoes. 

The  ores  of  the  Tombstone  district,*  Arizona,  contain  mod) 
manganese,  the  "  milling  "  ore  carrying  43  oz.  silver  per  \xm  having 
41-74  per  cent,  manganese  peroxide,  and  the  smelting  ore  wortli 
23*3  oz.  silver,  47*7  per  cent,  manganese.  Free  milling  aftw  hand 
sorting  to  remove  as  much  manganese  as  possible  only  gave  60  per 
cent,  silver  recovery  with  a  loss  of  7  lb.  mercury  per  ton.  Opinions 
differ  as  to  the  precise  action  of  the  manganese  on  the  mercury. 
Goodale  says  that  only  the  earthy  oxides  of  manganese  are  tronble- 
some,  and  tiiat  hard  granular  pyrolusite  is  harmless ;  that  expulsion 
of  water  of  composition  from  wad  and  psilomelane  in  roasting  destroys 
their  earthv  character,  and  with  it  their  tendency  to  "  foul  ^  mercury. 
This  would  indicate  a  mechanical  effect  only.  Pearce  belieres  that 
MnOj  may  have  an  oxidising  action  on  mercury,  as  the  flouring  can 
generally  be  avoided  by  adding  metal  (lead,  copper,  &c.)  more  oxi- 
disable  than  mercury,  and  per  contra,  that  when  amalgamating  base 
silver  ores,  addition  of  manganese  oxide  helps  to  prevent  reduction 
and  amalgamation  of  the  base  metals  and  produces  a  finer  quality 
bullion.  Further,  Clark,  at  the  Moulton  mill,  found  that  whenever 
much  zinc  was  present  in  the  ore,  loss  of  silver  by  volatilisation  was 
greatly  reduced  by  plentiful  admixture  of  oxidised  mannnese  ore. 
The  iron  of  the  pan  plays  a  most  important  part  in  pan  amalgamation, 
and  great  losses  may  occur  in  the  tailings  if  for  any  reason  (such  as 
a  coating  of  oxide  or  slimes)  the  iron  oi  the  pan  cannot  be  attacked 
by  the  charge,  so  that  sometimes  wrought-iron  bands  are  added  inside 
the  pan  to  ensure  a  sufficient  supply  of  iron.  Lead  occurring  as 
carbonate  or  sulphide  was  not  found  (by  Church,  at  Tombstone)  to 
debase  the  bullion  from  the  pan,  but  tellurides  had  a  marked  e£fect 
"With  freely  amalgamating  ore,  the  pan  charge  was  h\  lb.  salt  and 
1  lb.  bluestone  per  ton,  vnlh  a  consumption  of  1  lb.  mercury ;  as  the 
ores  became  more  sulphuretted,  5*22  lb.  salt  and  1*2  lb.  bluestoDe, 
and  1  *  258  lb.  mercury.  Subsequent  re-working  of  tailings  showed 
that  the  mercury  was  consumed  mainly  by  chemical  combiQation,and 
was  finally  lost.  Lime  in  excess,  while  not  preventing  reductioD 
and  amalgamation  of  silver  chloride,  does  interfere  seriously  in  pan 
amalgamation,  and  the  use  of  lime  to  prevent  amalgamation  of 
base  metal  will  cause  loss  of  silver  in  the  tailings. 

In  the  Boss  process,  handling  of  the  pulp  is  avoided,  as  it  flows 
successively  tlm)ugh  all  the  pans  and  settlers.  Obviously  this  » 
possible  only  with  pulp  which  can  be  worked  very  thin.  At  the 
Garfield  mill,  Calico,  with  very  free  milling  or^,  the  plant  consista 
of  a  battery  of  15  stamps  (weight  850  lb.,  fall  8  in.),  fed  by  the  itenal 
Hendy  feeder,  and  the  pulp  discharged  through  a  SO-mesh  screen; 
2000  gal.  water  are  used  per  ton  of  ore,  and  about  33  tons  are  crashed 
a  day.  Hot  water  is  used  in  the  battery.  From  the  battery  the 
thin  pulp  is  conducted  directly  to  the  first  pan.  The  pans  and  settlers 
are  all  on  the  same  level,  and  are  so  connected  that  the  pulp  may 
flow  freely  from  one  to  another.     All  are  driven  directly  ficom  the 

•  C.  W.  Goodale, "  Arj^cntiferous  Manganese  Ores  of  Tombstone,"  Tt!mi&  Abct. 
t.  Min.  Engs,,  xvii.  767. 
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main  shaft  by  means  of  bevel  gearing  and  fHction  olntcbes,  so  that 
any  pan  may  be  thrown  out,  if  repairs,  &c.,  are  necessary.  In  that 
case  connection  is  established  between  the  others,  so  that  no  interrup- 
tion of  the  work  takes  place.  The  pulp  in  the  isolated  pan  is  then 
pumped  nut  by  means  of  a  siphon-shaped  steam-injector.  There  are 
8  pans,  5^  ft.  diam.,  and  making  65  rev.  a  minute ;  also  3  settlers 
8  fL  diam^  making  20  rev.  a  minute.  A  little  mercury  is  added 
in  the  first  pan;  uie  muller  is  let  down,  and  the  pulp  is  ground. 
Experiments  have  been  made  with  grinding  in  tiie  second  and 
third  pan  also.  Exhaust-steam  is  introduced  from  below  into  the 
false  bottoms  and  cones  of  all  the  pans,  and  a  thermometer  is 
attached  giving  the  temperature  of  the  pulp.  In  the  third  pan 
copper  sulphate  and  sodium  chloride  are  added — of  the  former  alK)ut 
1-1 J  lb.,  of  the  latter,  8-15  lb.  |>er  ton  of  ore.  This  is  done  by  means 
of  a  self-feeder :  a  slowly  revolving  disk  witii  about  10  small  buckets 
filled  with  bluestone  and  salt,  which  are  autcmiatically  discharged  in 
the  pans  at  certain  intervals.  In  the  third  pan,  the  last  portion  of 
the  mercury  is  added.  In  the  fifth  pan  a  little  caustic  lime  is  fed — 
also  by  a  revolving  automatic  feeder — ^in  order  to  clean  the  mercury. 
From  the  last  of  the  pans,  the  pulp  flows  into  the  settlers,  where  the 
remaining  amaleam  is  collected.  Sprays  of  water  from  pipes,  radi^v 
arranged,  aid  the  settling.  About  95  per  cent^  of  the  amalgam  is 
drawn  firom  the  first  three  pann.  It  is  estimated  that  the  purest 
chloride  ores  are  worked  up  to  90-95  per  cent,  of  the  assay-value ; 
baser  ores  do  not  yield  more  than  75-80  per  oent. 

Smelting  is  resorted  to  when  the  silver  is  accompanied  by  much 
lead  or  copper.  Indeed,  in  the  United  States,  where  by-products  of 
silver-bearing  ores,  such  as  arsenic,  bismuth,  sulphur  and  zinc,  are 
disregarded,  smelting  is  the  most  popular  method  of  treatment  for  all 
except  the  free  milling  ores,  no  matter  what  the  gangue.  The  opera* 
tioQ  IS  really  a  concentration  of  the  precious  metal  in  metallic  lead  or 
copper  matte,  and  has  been  fully  described  under  the  respective  heads 
of  copper  (p.  415)  and  lead  (p.  515).  A  suggested  *  modification  of  the 
copper  process  is  to  concentrate  the  precious  metals  in  pure  copper 
instead  of  matte.  The  extraction  is  said  to  he  quite  as  good  as  with 
metallio  lead,  and  no  loss  arises  from  volatilisation ;  but  the  loss  of 
copper  in  slags  is  a  more  serious  matter  by  reason  of  its  greater  value 
(2^-4  times  that  of  lead),  though  this  is  partly  neutndised  by  the 
fact  that  conoentration  may  be  carried  further  (20  to  1  as  against 
10  to  1),  so  that  charges  can  be  dealt  with  canying  only  5  per  cent, 
copper  as  compared  with  10  per  cent.  lead.  The  method,  however, 
can  have  but  limited  application,  being  adapted  only  to  the  uncommon 
non-amalgamable  ores  froe  from  lead  and  containing  less  than  1^  per 
cent,  sulphur. 

The  smelting  of  tailings  from  the  pan-amalgamation  mills  work- 
ing on  manganese-silver  ores  at  Tombstone,!  Arizona,  is  of  special 
interest.  Concentration  was  efiected  by  trommels,  jigs,  and  buddies ; 
the  last-named  gave  exceedingly  good  results  on  the  fine,  slimy 
tailings,  which  Frue  vanners  quite  failed  to  treat.     The  buddies  were 

•  H.  F.  Collins,  **  Smelting  Processes  for  the  Extinction  of  Silver  and  GoW  from 
their  Ores,"  Proc.  Inst.  C.E.,  Paper  No.  2665.  f  J.  A.  Ohoroh,  op.  cit. 
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15  ft.  diam^  tamed  105  times  in  100  minutes,  and  had  a  dopeTtiying 
from  7  in.  in  7^  ft.  fur  coarse  slimes  to  4^  in.  for  fine  slimes,  the  bed 
being  covered  with  Akron  cement ;  water  jets  were  nsed  entirelj 
instead  of  brushes.  They  treated  a  ton  an  hour  each  constantlj,  tad 
saved  77^  per  cent,  of  the  lead,  55j^  of  the  gold,  and  53  of  the  iflfer, 
in  addition  to  which  the  slimes  flowing  from  them,  after  settling,  ga^ 
8-10  per  cent,  lead  and  12-15  oz.  silver  per  ton,  at  a  total  cost  of  sboat 
5<.  a  ton  of  tailings,  using  steam  power  and  hand  labour.  The  con- 
centrates were  made  into  bricks  by  binding  with  pan  slimes  cootaiikiog 
85  per  cent,  quartz,  2^  per  cent,  dav,  and  some  calcite,  manganese, 
iron  oxides,  various  sulphides,  and  lead  carbonate.  The  flux  wed 
was  manganese  ore,  which  presented  two  peculiarities.  The  fluiditj 
of  the  slag  allowed  less  fusible  impurities  to  settle  rapidly  and  oom- 
pletely  out  of  it,  and  the  furnace  would  accumulate  crusts  in  the 
hearth  with  great  suddenness.  This  tendency  was  increased  by  the 
absence  of  matte-forming  materials.  The  manganese  sulphide  is  di»- 
sociated  readily  by  heat,  and  the  small  quantity  of  iron,  copper, 
nickel,  and  antimony  present  were  just  sufficient  to  make  a  speiw 
with  the  arsenic  present.  Usually  the  speiss  ran  out  with  theedag; 
but  if  anything  occurred  to  stop  the  flow  of  materials  through  th< 
hearth,  even  for  a  short  time,  a  crust  was  almost  sure  to  form,  tnd 
once  formed  it  was  very  hard  to  melt.  When  the  charge  was  stroo^ Ij 
basic,  the  furnace  would  melt  50-55  tons  a  day,  but  there  was  a 
strong  tendencnr  to  accumulate  crusts.  With  a  more  acid  diarge,  tiie 
work  was  much  more  regular,  and  the  furnace  melted  about  ^  toD» 
a  day.  Though  the  composition  of  the  slag  varied  daily,  owing  to 
the  unfavourable  conditions  for  fluxing,  the  slags  were  always  Teiy 
clean  and  remarkably  free  from  combined  lead  and  silver.  Hieir 
extreme  fluidity  and  the  tenacity  with  which  manganese  retains  its 
oxygen,  and  the  readiness  with  which  it  gives  up  sulphur,  are  pro- 
bably the  causes  which  contribute  to  this  freedom  from  lead.  Tba 
experience  obtained  indicated  that  manganese  would  form  an  excellent 
flux  in  matting-furnaces.  The  charges  consisted  of  35  *  2  per  cent 
concentrates,  cdimee,  and  flue  dust,  13*1  ore,  41*1  manganese,  I'i 
limestone,  9*2  slag  and  cleanings;  fuel, chiefly  American  coke,  21*33 
per  cent. 

At  the  Eelsey  mine,  California,  the  assorted  ore  contains  10(K^ 

1400  oz.  silver  per  ton,  7-15  per  cent,  cobalt,  and  2-3  nickel    Dr. 

Endlich  adopts  the  following  method  : — The  ore  is  crushed  throngb  t 

20-mesh  sieve,  mixed  with  sufficient  lithai^  to  produce  an  8  per 

cent,  charge,  and  enough  borax  is  added  to  take  up  the  gangue  (qiurtx^ 

heavy  spar,  lime  carbonate,  magnesia,  and  iron).    Soda  carbonate  and 

flour  are  mixed  with  the  charge.     If  the  percentage  of  arsenic  in  tiie 

ore  is  sufficiently  high  to  produce  speiss,  none  is  added ;  otherwisi 

some  metallic  arsenic  is  mixed  in.     Some  sulphides  in  the  ore  vA 

reduced  sulphur  from  the  heavy  spar  are  utilised  to  produce  mattes. 

The  mixture  is  melted  in  large  Dixon  crucibles ;  the  slag  is  ponrtd 

off,  and  the  metallic  product  is  allowed  to  cool.    The  bars  obtan^ 

imposed  of  lead,  silver,  cobalt,  nickel,  arsenic,  and  sulpb^ 

pally ;  the  lead  being  in  the  form  of  sulphide,  the  cobalt  ar 

in  the  form  of  arsenides.     The  baiB  contain  4500-7000 
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silVdr  per  tfiH.  The  slag  eontains  a  trace  of  silver,  and  averages 
ahoQt  *  75  per  cent,  cobalt,  which  can  be  worked  over  by  arsenising, 
if  desired,  and  the  cobalt  obtained  in  the  resulting  speiss. 

A  Mexican  method,  applicable  when  the  ores  contain  much 
snlphnr  and  are  easily  fusible,  consists  in  liquating  the  ores  in  an 
adobe  furnace  10-15  ft.  long,  with  an  inclined  chimney*  A  cord  of 
wood  will  liquate  several  tons  of  ore.  These  chimneys  are  surrounded 
with  cla^  to  retain  the  heat.  When  the  fluxes  are  easily  fusible,  the 
fumaoe  is  built  as  a  square  chimney  10  fL  high  and  8-10  in.  wide  at 
the  base,  with  a  small  hole  at  the  bottom  for  the  bellows,  and  a 
tap-hole  on  the  opposite  side.  The  charging  hole  is  about  5  ft.  from 
the  ground.  A  quart  of  ore  and  2  quarts  charcoal  are  thrown  in 
iltemately  until  the  furnace  is  full.  The  furnace  is  lighted,  and 
icon  acts  like  a  blow-pipe  on  a  large  scale.  An  iron  bar  to  skim  the 
(lag  from  the  metal  is  tne  only  tod  necessary.  The  metal  is  run  out 
nto  clav  moulds.  The  furnaces  have  a  capacity  of  about  5  tons  a 
lay,  and  cost  62.  for  charcoal.  A  plant  of  this  size  can  be  constructed 
or  about  60/. 

The  ores  treated  at  Las  Trojes,*  Michoaran,  Mexico,  are  of  a 
lass  generally  deemed  unsuitable  for  smelting,  their  composition 
eing  approximately:  15-30  per  cent,  silica,  18-25  sulphur,  10-30 
ron,  2-12  zinc,  and  traces  of  alumina,  antimony,  copper,  lead,  and 
ime.  Ore  carrying  less  than  28  oz.  silver  per  ton  is  not  considered 
rorth  mining.  Heap-roasting  as  a  preliminary  loses  considerable 
ilver,  and  leaves  5-8  per  cent,  sulphur  in  the  ore.  The  smelting 
lixture  consists  of  40  per  cent,  roasted  ore,  35  slag,  10  roasted  matte, 
-10  litharge,  and  5  lime ;  or  15-20  oz.  silver  per  ton,  12  per  cent, 
^ad,  and  2-8  per  cent.  zinc.  A  charge  is  600  lb.  mixture  and  80  lb. 
lel.  The  lime  cents  199.  6d.  a  ton.  The  fuel  is  31  per  cent,  coke 
leting  62«.  a  ton,  and  69  per  cent,  charcoal  (principidly  pinewood, 
jry  inferior,  and  only  50-70  per  cent,  serviceable)  costing  21«.  7d.  a 
»n.  The  furnace  products  are : — (o)  "  base  bullion  "  carrying  -4  per 
nt.  silver,  or  75  per  cent,  of  the  silver  in  the  original  charge ;  (b) 
on  roatte  containing  20  per  cent,  of  the  original  silver,  or  20  oz.  per 
n,  which  is  heap-roasted  and  re-smelted ;  .(e)  wa^te  slag  holding  the 
maining  5  per  cent,  of  original  silver,  or  1-1 J  oz.  per  ton.  The  total 
sr,  including  refining  base  bullion,  is  16«.  per  ton  of  mixture,  or  37«.— 
3,  per  ton  of  ore. 

At  Casapalca,!  Peru,  the  great  elevation  (nearly  14,000  ft.)  inr 
•Ivee  the  oondition  that  owing  to  lessened  density,  the  available  air 
nd  oxygen)  is  only  54  per  cent,  of  what  it  is  at  sea-level.  Hence 
Bbbting  furnaces  have  only  half  the  normal  capacity,  and  smelting 
maces  require  double  the  blowing  power.  Most  of  the  ores  carry 
timony,  arsenic  or  sulphur,  and  need  prelinunary  roasting,  which 

universally  done  in  reverberatories  when  amalgamation  is  to 
low.  ^  Lead  does  not  pay  to  ship  so  far,  so  the  silver  is  extracted  by 
pellation. 

A  kind  of  pyritic  smelting  is  bometimes  adopted^  e.  g.  at  Mineral, 

•  J.  W.  Malcolmflon,  «« Erection  of  SiWerLcad  SmeUiag  Works  in  Mexico," 
IT*.  Inst  Civ.  Knv'fl.,  Paper  No.  2583. 
f    A.  L.  Penroo,  **  Mining  in  Peru,*'  TrenB.  Inst.  Min.  and  Met 
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Idaho,  on  an  ore  resembling  that  of  Las  Yedras,  Mexioo  ^25  mliea, 
46  calcite,  9*8  iron,  12*5  siuphuri  2*5  arsenic^,  except  for  the  eieen 
of  lime  carbonate.  According  to  H.  Lang,  this  ore  can  be  nm  down 
at  one  operation  into  a  hi^h-grade  matte  at  less  than  the  cost  of  tba 
salt  for  chloridising-roasting,  and  the  matte  can  then  be  r^ned  tod 
its  total  silver  extracted  at  an  additional  cost  not  exceeding  that  of 
the  chemicalB  nsed  in  Bussell  leaching.  Lang  nsee  no  flax,  and  about 
7  per  cent,  fuel,  adapting  the  fnmaoe  and  blast  so  as  to  bum  off  ma^ 
of  the  sulphnr  and  arsenic,  and  slag  off  the  corresponding  portion  of 
the  iron  and  zinc,  utilising  the  heat  of  combustion  of  uie  elemeDts 
named. 

Wet  ways  of  extracting  silver  are  founded  on  the  solubilitj  of  the 
metal  and  some  of  its  salts  in  certain  rengents.  Experience  bs 
shown  that  the  best  results  are  obtained  when  the  silver  is  pttfient 
chiefly  as  chloride,  hence  a  chloridising-roast  almost  always  preoeda 
lixiviation.  But  highly  oxidised  ores,  where  salt  and  fuel  ara  t^ 
dear,  may  economidSly  be  treated  raw,  though  the  extraction  will  be 
less  complete ;  and  in  other  cases  an  oxidising-roast  (without  alt) 
may  be  admissible.  As  a  general  rule,  however,  very  effideni 
chloridising-roasting  is  an  essential  to  high  extraction,  even  moie  m 
than  when  amalgamation  is  to  follow,  as  in  the  latter  event  metallic 
silver  will  be  taken  up  by  the  mercury. 

All  forms  *  of  furnace  have  admirers,  showing  that  much  depend 
on  the  character  of  the  ore.  In  rotating  cylinders  and  reverberaton« 
the  operation  cannot  be  hurried  without  great  loss.  Ores  which  btS 
badly  are  not  adapted  to  cylinder  furnaces.  Moreover,  in  this  fam 
of  furnace,  as  pointed  out  by  Aaron,!  ^^®  ^  admitted  to  the  cylinclfl' 
is  not  only  largely  deprived  of  its  oxygen  in  passing  through  ^e  fin. 
but  is  still  former  rendered  inoperative  by  the  fact  that  owing  to  ^^ 
lightness  it  will  lie  above  the  stratum  of  heavy  vapour  (solplig: 
dioxide,  Ac."^  immediately  resting  upon  the  roasting  ore ;  and  tk 
admission  oi  cold  air  below  the  flames  from  the  fireplace  has  bes 
proposed  as  a  partial  remedy,  and  proved  effective,  reducing  ec^ 
sumption  of  fuel  and  increasing  capacity  of  furnace.  The  volatilitt- 
tion  and  loss  of  silver  in  chloridising-roasting  is  a  matter  of  tempeiv 
ture  and  duration.  Li  this  respect  choice  seems  to  lie  betwe^ 
reverberatories  and  the  Stetefeldt:  in  the  former,  the  operation  po^ 
grosses  slowly  and  regularly,  avoiding  excess  of  heat  at  any  time;  m 
the  latter,  the  beat  is  intense  but  momentary,  and  the  completion  d. 
chloridation  is  effected  in  the  pit  under  moderate  heat.  Overheatof 
may  also  decompose  some  of  the  chloride  formed. 

The  most  recent  development  of  the  Stetefeldt  furnace  in  t^s 
connection  is  the  application  of  gaseous  fuel.  At  the  lixiviatioo  ni3 
of  the  Holden  C0.4  Aspen,  Colorado,  coal  gas  is  used  for  fuel  in  h^ 
drying  and  roasting.  The  gas  plant  consists  of  Taylor  revdviif- 
bottom  producers,  one  6  ft.  diam.  for  the  driers,  and  one  7  ft.  dia& 
for  the  Stetefeldt,  using  local  inferior  coals.     The  drying  plant  of» 

*  G.  J.  Rockwell,  **  ObloridlsiDg-roastiDg  and  Lixiviation  at  Yedias  Mine,*  & 
and  Min.  Jl.,  Feb.  1888. 

t  0.  H.  Aaron,  «•  Notes  on  the  Hydrometallargy  of  SiWer,**  Bop.  £tetolfi» 
ralogist  Calif.,  1888,  p.  847.  %  Willard  8.  Mowe. 
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nsis  of  4  Stetefeldt  double-shelf  driers,  each  fired  by  2  gas-burners, 
3^  being  need  for  ore  and  the  other  \  for  salt,  the  average  moisture 
being  6*13  per  cent,  in  ore  and  1  per  cent  in  salt.  The  gross  coal 
x)n8umption,  at  12f.  6<i.  a  ton,  for  drying,  was  72*22  lb.  per  ton  dried, 
)r  5^.  a  ton;  for  roasting,  117*44  lb.  per  ton,  costing  9d.  The  gas 
%  supplied  to  the  furnace  by  3  burners,  2  in  the  shaft  and  1  in  the 
lue.  Trouble  was  encountered  by  condensation  of  tar  in  the  gas- 
)ipe8,  and  Blauvelt  suggests  lining  the  pipes  with  fire-clay,  so  that 
hey  could  readily  be  burned  out,  at  the  same  time  prolonging  the 
ife  of  the  iron  pipes.  The  average  composition  of  the  ore  chloridised 
0  January  1893  was:  21  -64  per  cent.  SiO,,  20*92  BaS04, 10*99  CaO, 
0*02  Fe,  8*10  S.  4*24  MgO,  2*85  Zn,  2-27  Pb,  and  2791  oz.  silver 
»er  ton ;  after  r*iasting,  *2  per  cent,  sulphur  remains  as  sulphide. 

The  lixiviation  processes  are  chiefly  as  follows : — 

Augustine's :  roasting  the  ore  to  drive  off  sulphur ;  grinding  the 
oasted  ore ;  roasting  with  salt  to  form  chlorides ;  dissolving  out  the 
blorides  with  a  saturated  solution  of  salt;  precipitating  the  silver 
y  copper;  compressing  and  melting  the  silver.  It  is  mostly 
mployed  on  copper  mattes. 

Ziervogel's:  roasting  mattes  to  produce  sulphates;  decomposing 
11  sulphates  except  silver;  dissolving  out  silver  sulphate  in  hot 
^ater.  Jn  practice,  it  is  very  difficult  to  determine  the  exact  moment 
hen  all  the  other  sulphates  are  decomposed  and  none  of  the  silver 
1;  and  to  avoid  loss  by  decomposition  of  silver  sulphate  to  oxide, 
>me  is  incurred  by  stopping  short  of  complete  decomposition  of  the 
Jier  sulphates,  whereby  some  silver  is  precipitated,  and  mostly 
•covered  afterwards  by  Augustine  treatment  of  the  residues. 

Yon  Patera's:  roasting  to  drive  off  sulphur,  &o.;  leaching  with 
[>t  water  to  remove  any  soluble  salts ;  r'>asting  with  salt ;  dissolving 
ilorides  by  sodium  hyposulphite  (thiosulphate :  these  salts  are 
^mmonly  <^ed  "  hypo  "  in  everyday  language) ;  precipitating  silver 
f  sodium  polysulphide ;  reducing  silver  sulphide. 

Bliss's :  same  as  Yon  Patera's,  but  using  calcium  hypo  and  poly-> 
ilphide  instead  of  the  sodium  salts. 

Bossell's:  roasted  and  washed  ore  is  leached  with  sodium  hypo 
id  iRrith  sodiocuprous  hypo ;  metallic  silver  and  various  silver  salts 
keljr  to  occur  in  imperfectly  roasted  ores  are  soluble  in  presenoe  of 
e  copper  salt,  and  hence  a  certain  source  of  loss  is  avoided.  Among 
dviation  processes  this  has  by  far  the  widest  application,  and  is  the 
ost  satisfactory.  In  many  cases  it  would  compete  successfully  with 
oalgamation  on  free-milling  ores,  in  cost  of  plant,  cost  of  working, 
td  percentage  of  extraction,  besides  avoiding  the  heavy  dead  capital 
presented  by  the  stock  of  mercury ;  and  is  well  adapted  for  dealing 
ith  tailings  either  from  amalgamation  or  previous  lixiviation.  The 
ossell  process  is«  in  &ct,  a  modification  of  or  supplement  to  the 
iters  and  the  Kiss  processes.  In  these  methods,  the  extraction  of 
e  silver  is  based  upon  the  fact  that  silver  chloride  is  easily  soluble 
solutions  of  sodium  or  calcium  hypo,  and  that  silver  is  precipitated 
>ni  such  solutions  by  an  alkaline  »ulphide,  with  regeneration  of  the 
rpo  salts.  In  case  the  ore  contains  lead,  a  portion  of  the  latter  is 
10  dissolved,  lead  sulphate  being  soluble  in  hypo  solutions.    If,  at 
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the  same  time,  copper  is  present  in  the  roasted  ore  in  the  fonn  of 
ouproiis  chloride,  the  sulphides  precipitated  from  the  lixiviAtion 
solution  contain  silver,  copper,  and  lead.  From  auriferous  silver  ores, 
gold  is  obtained  together  with  the  silver,  but  the  percentage  of  its 
extraction  varies,  and  depends  upon  many  circumstances.  A  high 
ohloridation  of  the  silver  cannot  always  be  obtained,  especiaUy  in  case 
the  ore  contains  calcspar,  which  is  converted  bv  roasting,  in  put 
into  caustic  lime.  The  caustic  lime  not  only  reduces  silver  chloride 
to  metallic  silver,  but  also  greatly  diminishes  the  R>lubility  of  moet 
silver  oompoundis  in  hypo  solutions.  Finally,  though  Bodium  or 
calcium  hypo  solution  cussolves  (besides  silver  chloride)  silver  anti- 
moniate  and  arseniate,  and,  more  or  less,  metallic  or  native  silver,  it 
does  not  attack  at  all  either  silver  sulphide  or  silver  glance,  or  tk 
group  of  silver  minerals  known  as  antimonial  and  arsenical  sulphides, 
like  polybasite,  stephanite,  ruby  silver,  and  fahl  ore.  But  these  irc 
attacked  by  BusseU's  sodio-cuprous  hypo.  The  character  of  the  ore 
determines  the  strength  and  temperature  as  well  as  the  order  in  which 
the  two  hypos — the  simple  sodium  or  calcium  hypo,  called  **  ordinarr 
solution,**  and  the  compound  or  cuprous  hypo,  called  '*  extra  solution" 
— are  used.  The  compound  hypo  is  made  as  required  for  each  charge 
of  ore  by  dissolving  1  lb.  bluestone  (copper  sulphate)  to  2  IK 
crystallised  sodium  thiosulphate  in  water.  Further,  it  is  loiown  tiiat 
cailstic  alkalies  in  leaching  solutions  render  insoluble  certain  con- 
pounds  of  silver,  and  these  are  apt  to  occur  in  all  calcareous  or«, 
oesides  which,  if  sodium  hypo  is  used,  part  of  it  will  be  converts! 
into  caustic  soda.  The  remedy  is  an  acidulated  wash  before  leadunf . 
Bussell  uses  sulphuric  acid  when  his  solution  contains  caustic  sotk 
If  an  ore  containing  much  antimony  or  arsenic  has  been  roasted  so  as 
to  have  formed  antimoniate,  &a,  acidulation  may  be  dispensed  with, 
as  these  compounds  are  more  soluble  in  caustic  solutions.  Carbonat&i 
alkali  is  said  to  be  hnrmless.  Neutralising  caustic  by  addition  f 
soda  bicarbonate  may  hinder  recovery  of  lei^.  Boasted  ore  is  ooc^i 
before  leaching,  moistened  to  lay  the  dust,  and  sifted  if  lumpy ;  !«• 
it  should  not  be  quenched  while  red  hot,  or  some  of  the  chloride  mar 
be  reduced  to  the  metallic  state  by  generation  of  steam. 

Bussell's  method  of  applying  the  ooprous  hypo  is  to  cause  it  t 
pass  through  the  ore  in  the  vat  several  times,  by  means  of  an  eject*?, 
after  which  the  liquid  is  passed  to  the  precipitating  tubs,  and  tiie  ^rt 
is  washed,  first  with  sodium  hypo,  in  some  cases  hot,  and  then,  ^ 
usual,  with  water ;  there  are  cases,  however,  in  which  the  cup^of^ 
h}  po  is  allowed  to  stand  on  the  ore  during  12  hours.  The  cuprr&i^ 
hypo  is  compatible  with  the  Kiss  process.  Bussell  discovered  tb: 
while  either  hypo  extracts  the  lead  from  lead  sulphate  in  the  roaetK 
ore,  they  do  not  dissolve  lead  carbonate ;  consequently,  sodium  car 
bouate  precipitates  the  lead  from  such  a  solution,  leaving  silver  *£' 
copper  dissolved.  The  same  discovery  was  made  by  Aaron  tc: 
Befl^sley,  in  1882.  But  sodium  carbonate  would  also  preciptit: 
lime  from  a  calcium  hypo ;  hence  the  necessity  for  using  the  Faten 
process  when  this  pai-t  of  BusselFs  process  is  to  be  employed :  althoo^. 
even  when  sodium  hypo  is  used,  it  sometimes  happens  that  Hnie  a 
present  (dissolved  from  the  ore),  and  then  it  must  r-nntwimnatrr  tti 
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lead  carbcmate;  in  &ct,  the  lead  prooees  is  not  applicable  in  such 
cases.  This  part  of  the  Bussell  process  necessitates  an  extra  set  of 
precipitating  tnbs,  in  which  the  lead  carbonate  is  allowed  to  settle, 
after  which  the  liqnid  is  transferred  to  other  tubs  in  which  the  sUver 
(and  copper)  is  precipitated  in  the  usual  manner.  It  is  claimed  that 
the  lead  carbonate  obtained  in  this  way  is  nearly  free  from  silver,  and 
otherwise  pure  in  the  absence  of  lime  in  the  ore. 

In  working  the  Kiss  process,  the  lead  may  be  thrown  down  by 
milk  of  lime,  as  hydroxide,  and  this  is  done  at  the  Mount  Cory  Mill, 
but  the  product  seems  to  be  very  impure  and  to  contain  much  silver. 
1 1  is  contended  by  advocates  of  the  Kids  process  that  the  precipitated 
sulphides  of  silver,  ^.,  settle  much  better  than  when  sodium  poly- 
sulphide  is  used.  It  is  probable  that  the  precipitate  might  settle 
badly  in  an  alkaline  solution,  and  the  sodium  hypo  seems  much  more 
liable  to  become  strongly  alkaline  than  the  calcium  hypo,  because  of 
the  much  greater  solubility  of  caustic  soda  than  of  caustic  lime,  and 
of  the  complete  insolubility  of  calcium  carbonate.  It  is  not  easy  to 
make  sodium  polysulphide  quite  free  &om  caustic ;  and,  where  the 
precipitant  is  caustic,  the  hypo  becomes  so  necessarily,  unless  means 
are  taken  to  counteract  that  effect.  It  may  be  that  some  of  the 
difficulty  experienced  in  the  Patera  process  was  due  to  excessive 
alkalinity  of  the  solution.  Certainly  the  less  liability  of  the  calcium 
hypo  to  becoming  strongly  alkaline  is  a  point  in  its  favour.  The 
choice  of  a  hypo  for  praotioil  work  resolves  itself  into  the  choice  of  a 
polysulphide.  Sodium  hypo  is  easily  procured,  and  one  of  the 
strong^  arguments  in  favour  of  the  Patera  process  is  that  the 
sodium  polysulphide  is  made  with  the  expenditure  of  vastly  less  time, 
labour,  and  fuel  than  the  other.  Also,  in  the  use  of  calcium  sulphide, 
about  8  times  as  much  sulphur  is  consumed  in  recovering  a  eiven 
quantity  of  silver  as  when  the  sodium  sulphide  is  used.  Tne  dioice 
must  depend  mainly  on  tiie  price  and  purity  of  the  substances  used, 
but  the  many  advantages  of  sodium  sulphide  will  compensate  a  con- 
siderable difference  (to  its  disadvantage)  between  the  price  of  caustic 
soda  and  that  of  lime.*  The  hypo  can  be  used  over  again,  indefinitely 
almost,  as,  though  it  is  decomposed  in  dissolving  (and  decomposing^ 
silver  chloride,  it  is  reproduced  in  the  precipitation  of  the  dissolved 
silver  by  the  polysulphide.  Without  this  result  the  hypo  would  be 
weakened  every  time  it  was  used,  a  portion  of  it  being  converted  into 
silver  hyxx);  but  when  the  silver  is  removed  by  combination  with 
sulphur  from  the  sulphide,  the  sodium  or  calcium  from  the  sulphide 
takes  its  place,  thus  regenerating  the  original  hypo. 

A  brief  account  t  of  the  practical  operation  and  plant  of  the 
Bussell  process  will  sufficiently  illustrate  the  conduct  of  all  lixiviation 
methods.  All  crushing  (raw  or  roasted  ore)  should  be  dry.  Fineness 
has  varied  from  a  maximtmi  of  8-mesh  on  raw  ores  to  a  minimum  of 
150-me8h  in  tailings ;  experiment  must  determine  in  each  case,  and  the 
maximum  size  be  adopted,  for  economy  sake  in  crushing  and  facility 

•  O.  H.  Aaron,  op.  cit 

t  For  most  minute  details  see  paper  by  Ellsworth  Daggett,  **The  Bossell 
Process  In  its  Pmotical  Application  and  Economic  Besultd,^  Trans.  Amcr.  lusL 
lliii.  Engs.,  xvi  362. 
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of  leaching.  All  oharges  mtist  be  aoourately  weighed.  Bate  of 
leaching  is  not  diminished  by  increase  in  depth  of  charge  in  tanks ; 
deep  charges  are  most  economical,  nsing  less  water  and  less  salt  in 
solution,  as  well  as  less  labour.  The  consumption  of  hypo  will  vazy 
between  about  Ij^  lb.  a  ton  for  alkaline  and  arsenical  ^es^  and  ^7 
lb.  for  acid  ores ;  of  bluestone^  from  %\  lb.  a  ton  raw  to  l\  lb.  roasted, 
and  from  4J^  lb.  a  ton  alkaline  to  6f  lb.  acid ;  of  sulphuric  aotd,  1-2  lb. 
a  ton.  The  use  of  soda  ash  as  a  precipitant  for  lend  saves  ohemicak 
in  precipitating  the  precious  metals,  produces  purer  bullion,  and 
affords  lead  carbonate  as  a  marketable  bye-product.  The  first  wash- 
water  is  admitted  to  the  tank  either  above  the  ore  ^if  little  silyor  is 
extracted  by  it,  or  if  a  larger  extraction  is  not  objectionableX  or  below 
it  (if  water  is  scarce,  or  if  silver  exti:^tion  is  to  be  kept  down),  the 
consumption  being  25-40  per  cent,  less  in  the  latter  way ;  the  average 
is  about  40  cub.  ft  per  ton  of  ore.  The  application  of  water  to  roai^ed 
ore  above  150^  F.  results  in  solution  of  about  3  times  as  much  silTer 
as  when  the  ore  is  below  120^  F. ;  as  the  wash-water  runs  to  waste,  it 
is  highly  essential  to  secure  perfect  precipitation  of  all  silver  it  may 
contain—the  other  solutions  only  circulate.  This  precipitation  is 
often  accomplished  by  iron  and  addulation  (1-2  lb.  acid  per  too), 
heating  the  water  first  to  about  175^  F. ;  it  is  thorough,  but  ooOT|Hes 
12  hours ;  sodium  sulphide  acts  more  quickly  but  makes  a  bulky  pre- 
cipitate ;  dilution  with  water  is  simple  but  uncertain.  The  seocmd 
wash' water  is  only  to  restore  the  volume  of  stock  solution ;  it  averages 
about  5^  cub.  ft.  per  ton.  The  stock  solution  is  usually  niade  up  with 
\\  per  cent,  hypo  (94  lb.  per  100  cub.  ft.  water),  the  amount  required 
for  100  tons  (3500  cub.  ft.)  being  3281  lb. ;  for  50  tons  (2000  cub.  ft), 
1875  lb. ;  for  25  tons  (1500  cub.  ft.),  1406  lb.  The  strength  can 
generally  be  reduced  25-50  per  cent,  after  some  experience  with  the 
ore.  The  strength  of  the  cuprous  solution  varies  from  *  7  to  1  *  1  p^ 
cent,  bluestone,  and  from  1  *5  to  2* 3  per  cent.  hypo.  The  treatment 
of  roasted  alkaline  ores  only  needs  4*5  lb.  bluestone  and  2*9  lb. hypo, 

while  acid  ores  take  6*1  lb.  Uue- 
stone  and  4*9  lb.  hypo  on  the 


K 


j^^^^^^^^^^^TL 


5 


average. 

The  leaching  and  storage 
tanks  (Fig.  172)  are  of  wood, 
with  straight  sides ;  3-in.  staves 
a,  dressed  to  sweep  of  tank,  and 
long  enough  to  allow  a  6-in.  diime 
h ;  gaining  e  1  in.  deep,  done  bj 
hand;  bottom  planks  d  3  in., 
Fio.  172.— LsAcmxo  Tahk  Dstaua  grooved  and  joined  with  tightly- 
fitting  tongue  6,  I  by  1^  im 
plugged  with  white  lead;  no  nails  cr  screws  permissible;  painted 
inside  and  out;  must  be  tight  enough  to  withstand  not  on!/ 
weight  of  charge,  but  also  pressure  of  ejectors  used  to  hasten  leaching, 
and  of  heat  applied  to  wash-waters.  False  bottoms  are  wooden 
slats  /,  1^  in.  high,  1  in.  wide,  and  1  in.  apart,  fastened  by  screws 
embedded  in  thick  white  lead,  and  leaving  an  annular  space  If  ii^ 
wide  all  round  the  tank,  which  is  partially   occupied  \^  a  ring 
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if  bent  wood  g^  1  in.  wide,  and  the  balance  by  a  J-in.  tope  A,  which 
lecnres  the  filter  cloth  t  in  place.  The  latter  is  of  No.  8  canvas  duck, 
nt  6  in.  wider  than  the  inside  diameter  of  the  tank,  to  allow  for 
iredging  down  by  the  rope,  and  lies  immediately  on  a  sheet  of  stiff 
)iioonnt  matting  I;.  The  outlet  is  in  the  centre,  of  the  tank,  and 
xmsists  of  a  threaded  cast-iron  flange  bolted  to  the  bottom,  all  bolts 
ind  heads  being  embedded  in  white  lead. 

The  working  cost  of  mnning  a  Bnssell  plant  on  100  tons  per  24 
Krars  of  pulverised  and  roasted  ore  is  given  by  Daggett  as  follows  :— 

Per  diem.  Per  ton. 

(a)  Hazimnm. —  £  «.  d.  «.   d 

Labour,  13  men  at  12f 7  16  0  17 

Fuel,  3^  cords  wood  at  24a 4    4  0  10 

ChemioaU       20    0  0  4    0 

Repairs,  902.  a  month 3    0  0  7 

Asnyiog        1  12  0  4 

Total        86  12    0  7    4 

(6)  Minhnmn. — 

Labour,  11  men  at  12«.         6  12  0  .     1    5 

Fuel,  2)  cords  wood  at  16« 2    0  0  5 

Chemicals       11    4  0  2    4 

Bepairs,  30Z.  a  month 10  0  2| 

Assaying         18  0  3| 

Total       22    4    0  4    8 

Yarions  actual  costs  per  ton  of  ore  are  given  as  below : — 

Cnsihniriaobic^  Mexico:  including  crashing,  roasting,  re- 

fining  sulphides,  &0.        48<.  4<2. 

Parral,  Mexico :  on  roasted  ore  at  10  tons  a  day 36«.  7d. 

Do.  tailings,  10  tons  a  day 10s. 

Silver  Reef^  Utah :  raw  tailings,  40  tons  a  day      ..     ..     4.  6«.  7d. 

Do.  raw  ore  do.  ..      ..     ..  120.-16«. 

Lake  Valley,  New  Mexico :  total  expenses,  60  tons  a  day  ..  18«.  7d. 

Blue  Bird,  Butte,  Montana:  from  May  24  to  December  8, 1893, 
seated  15,797  tons  (dry)  of  tailings,  the  cost  being : — Hauling  from 
)it8  to  tanks,  1«.  6^. ;  labour,  1«.  5^. ;  chemicals,  1«.  lOd. ;  pumping 
^ter,  3d. ;  superintendenca  and  miscellaneous,  1«.  4(1. ;  total,  6«.  1(1. 
The  plant  was  designed  for  60  tons  roasted  ore  daily,  and  treats 
100  tons  tailings;  cost  4000Z.  to  erect;  tanks  \1\  ft.  diam.,  9J^  ft. 
leep,  charge  70  tons  (dry). 

Broken  Hill,  New  South  Wales :  concentrating  mill  recovers  mo>t 
>f  the  lead  at  a  total  cost  of  about  10«.  Gd.  a  ton  of  crude  ore ;  tailings 
)ontain  much  silver,  as  native,  chloride,  chloro-bromide,  and  iodide, 
>ften  enveloped  in  silica,  which  hinders  action  of  leaching  fluid ;  |-1  j^ 
)er  cent,  sodium  hypo  used,  with  and  without  bluestone,  giving,  to 
klay  31,  1892,  304,798  oz.  silver  from  40,794  tons,  at  a  cost  of  about 
»«.  Id.  a  ton.  Estimated  that  crushing,  chloridising-roast,  and 
caching  will  amount  to  20«.  a  ton. 

Hofmann's  proposal*  to  replace  tanks  by  troughs  for  the  lixivia- 

^  Ottokar  Hofmann,  *'  Trough-Lixiviatiou,'*  Trani).  Amer.  Inst.  Min.  Engs.,  x?i. 
«2. 
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tion  with  hypo  solatioiis  was  based  on  the  ohservaiion  that  speed  of 
extraction  is  in  direct  proportion  to  rapidity  of  moyement  of  Uie 
•solvent  through  the  ore.  But  the  benefit  thns  arising  appeals  to  be 
neutralised  by  the  stratification  which  ensues  in  the  ^nks,  a  layer  of 
slimes  forming  on  the  top  and  resisting  the  leaching  filtration ;  beside 
other  objectionable  features. 

Commerce, — A  few  statistics  concerning  the  cost  of  producing  Bilker 
(1891-92)  may  be  interesting. 

Small  Hopes,  Colorado :  total  mining  cost  per  ton,  28«.  lIcL;  doj 
per  oz.  silver  sold  in  the  ore,  28, 

Alice,  Montana :  total  mining  cost  per  ton,  41«.  6d. ;  milling,  28e. 
grand  total  cost  per  ton  mined,  69«.  6d. ;  do.  per  oz.  silver  produced 
4«.  O^d. 

Elkhom,  Montana :  total  mining  cost  per  ton,  42«.  Sd, ;  milling. 
S7«. ;  grand  total  cost  per  ton  mined,  80«.  lOd. ;  do.  per  oz.  siiv^ 
produ^,  Is.  8Jd. 

Granite  Mountain,  Montana:  total  mining  cost  per  ton,  40r.; 
hauling,  lOd.;  milling,  S9«.  M,;  grand  total  cost  pw  ton  mined 
80«.  Id. ;  do.  per  oz.  sUver  produced,  28,  Syt. 

Daly,  Utah :  total  mining  cost  per  ton,  91«.  6<2. ;  hauling,  St.  M, 
milling,  27«.  7d, ;  grand  total  cost  per  ton  mined,  115».  W. ;  do.  pei 
oz.  silver  produced,  28,  lOd, 

Ontario,  Utah :  total  mining  cost  per  ton,  69«.  fid. ;  hauling,  2t.  id. 
milling,  35«.  9d. ;  grand  total  cost  per  ton  mined,  108«.  Sd. ;  do.  pes 
oz.  silver  produced,  28,  8^. 

The  world's  production  of  silver  in  1891,  stated  in  kiloe  (of  2  *  2  lb. 
was  estimated  as  follows : — 

United  States ..     ..  1,814,642 

Mexico       1,275,265 

Bolivia       372,666 

AnstndasiA       311,100 

Germany 180,000 

Pera 74,879 

Ohili 72,185 

France       71,117 

Spain         51,502 

Anfltro-Hongary      50,618 

Central  America     48,128 

Japan        43,282 

Colombia 31,232 

Argentine 14,680 

Bufflia 13,847 

Canada      12,464 

Great  Britain 9,075 

Italy 8,108 

Norway      ..      .. 5,539 

Sweden      4,180 


Total 4,464,499 
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SODIUM. 

Until  the  introduction  of  Castner's  process  in  1887,  the  manufacture 
)r  sodium  was  oonducted  as  follows : — An  intimate  mixture  of  30  parts 
loda  carbonate,  13  charcoal,  and  7  lime  is  calcined  at  red  heat,  to 
-ender  the  mass  more  compact,  thereby  also  expelling  much  carbonic 
»xide.  The  calcined  mixture  is  then  introduced  into  wrought-iron 
ylinders  of  small  diameter,  aud  heated  to  a  temperature  of  about 
!550^  F.,  whereby  the  alkaline  metal  is  reduced  and  distilled  from 
he  cylinder  containing  the  charge,  through  a  small  tube  provided 
or  the  gases  and  vapours,  into  the  receptacle  known  as  the  condenser. 
Pbrough  a  variety  of  causes,  not  more  than  40  per  cent,  of  the  metal 
ontained  in  the  charge  is  obtained,  and  in  the  manufacture  of  potas- 
ium  very  much  less.  The  wear  and  tear  on  the  metal  cylinders  is 
normous,  and  forms  a  large  proportion  of  the  cost  of  manufacture. 
^o  carry  out  this  process  and  arrive  even  at  these  results,  requires — 
a)  most  careful  grinding  and  mixing  of  ingredients ;  (5)  addition 
f  lime  to  prevent  fusion ;  (c)  excess  of  carbon  to  ensure  contact 
•etween  the  particles  of  soda  and  carbon  in  the  refractory  charge ; 
i)  previous  calcination  to  make  the  charge  less  bulky ;  (e)  wrought- 
ron  in  constructing  the  cylinders  is  the  only  practical  metal  that 
nil  stand  the  high  temperature;  (/)  cylinders  must  be  of  small 
iameter,  so  as  to  allow  the  heat  to  penetrate  to  the  centre  of  the 
efractory  charge ;  (^g)  exit  tubes  from  cylinders  to  condensers  require 
lost  careful  attention  to  keep  them  open,  owing  to  formation  of  a 
lack  compound  by  the  action  of  carbonic  oxide  upon  the  vapour  of 
he  alkaline  metal,  which  combination  takes  place  at  about  the  con- 
ensing  point  of  the  metallic  vapour.  This  is  one  of  the  most  serious 
btttacles  in  manufacturing  so£um,  not  only  causing  a  large  loss  of 
letal,  but  interfering  generally  with  the  operation.  In  making 
otassium,  the  formation  of  this  compound,  which  is  exceedingly 
xplosive,  and  which  is  produced  even  more  readily  than  when  making 
xlium,  is  the  chief  reason  that  potassium  costs  almost  10  times  as 
inch  as  sodium.  The  approximate  cost  of  producing  sodium  by  this 
lethod  is  4«.  a  lb.,  the  chief  items  being  wear  and  tear,  2«. ;  materials^ 
9. ;  labour,  8i2. ;  fuel,  4<{. 

The  reactions  by  which  sodium  and  potassium  are  prepared  in 
astner's  method*  vary  somewhat,  but  may  be  generally  expressed 
y  the  formula 

6NaHO+FeOa=:  2Na,C03  +  6H  +  Fe  +  2Na 
6KH0  +  FeCj  =  2K,C0,  +  6H  +  Fe  +  2K. 

In  place  of  using  an  actual  chemical  compound  of  iron  and  carbon,  as 
(pressed  in  the  above  equation,  a  substitute  or  equivalent  is  prepared 

♦  J.  Mactear,  •*  The  Caetner  Sodium  ProceBS,"  80c,  Chem.  Ind.,  Mar.  7, 1887. 
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as  follows : — To  a  given  quantity  of  melted  pitch  is  added  a  definitB 
proportion  of  iron  in  a  fine  state  of  division.  The  mixture  is  oookd, 
broken  up  into  lumps,  and  ooked  in  large  crucibles,  giving  a  m^allie 
coke,  consisting  of  carbon  and  iron,  the  proportions  of  each  depending 
upon  tbe  relative  quantities  of  pitch  and  iron  used.  This  metallio 
coke,  after  being  finely  ground,  provides  a  substance  having  the  iron 
and  carbon  in  a  like  proportion  to  an  iron  carbide,  and  from  whidi 
neither  the  iron  nor  carbon  can  be  separated  by  mechanical  meuv . 
The  fine  iron  is  conveniently  prepared  by  passing  carbonic  oxide  and 
hydrogen,  in  a  heated  state,  as  obtained  from  an  ordinary  gat  pro- 
ducer, over  a  mass  of  oxide  of  iron,  commercially  known  as  **  purple 
ore,**  heated  to  a  temperature  of  about  930°  F. 

In  producing  sodium,  caustic  soda  of  the  highest  obtainable 
strength  is  used,  and  with  it  is  mixed  sufficient  so-called  ** carbide" 
to  furnish  the  proper  amount  of  carbon  to  cany  out  the  reaction.  The 
crucibles  in  which  this  mixture  is  treated  are  made  of  cast  steel, 
and  are  capable  of  containing  a  charge  of  15  lb.  of  caustic  soda, 
together  with  the  proper  proportion  of  the  "  carbide.** 

After  charging  a  crucible  with  the  above  mixture,  it  is  placed  in 
a  small  famace,  where  it  is  kept  at  a  low  heat  for  about  30  minutes, 
during  which  time  the  mass  fuses,  boils  violentlv,  and  a  large  part 
of  the  hydrogen  is  expelled  by  the  combined  action  of  the  iron  and 
carbon,  the  *'  carbide,"  owing  to  its  gravity,  remaining  in  suspensiim 
throoghout  the  fused  soda.  At  the  end  of  the  time  stated,  the  con- 
tents of  the  crucible  have  subsided  to  a  quiet  fusion.  The  crucible 
is  then  lifted,  by  a  pair  of  tongs  on  wheels,  placed  upon  the  platform 
of  the  elevating  gear,  and  raised  to  its  position  in  the  heating  chamber 
of  the  main  distilling  furnace.  The  cover,  which  remains  stationary 
in  the  famace,  has  a  convex  edge,  while  the  crucible  has  a  groove 
round  the  edge,  into  which  the  edge  of  the  oover  fits.  A  little 
powdered  lime  is  placed  in  the  crucible  groove  just  before  it  is  raised, 
so  that  when  the  edges  of  the  cover  and  crucible  come  together,  they 
form  a  tight  joint,  and,  at  the  same  time,  will  allow  the  crucible  to  be 
lowered  easily  from  the  chamber  when  the  operation  is  finished,  to 
give  place  to  another  containing  a  fresh  charge.  From  the  cover 
projects  a  slanting  tube  connected  with  the  condenser.  The  con- 
denser is  provided  with  a  small  opening  at  the  farther  end,  to  allov 
the  escape  of  hydrogen,  and  has  also  a  rod  by  means  of  which  any 
obstruction  which  may  form  in  the  tube  during  distillation  may  be 
removed.  After  raising  a  crucible  in  its  place  in  the  fdmaoe,  the 
hydrogen  escaping  from  the  condenser  is  lighted,  and  serves  to  show 
by  the  size  of  the  flame  how  the  operation  is  progressing  in  the 
crucible,  the  sodium  actually  distilling  soon  after  the  crucible  is  in 
its  plaoe.  The  temperature  of  the  reduction  and  distillation  has  been 
^'oiir.a  to  be  about  1510*^  F. 

"i  been  found  advisable  to  use  a  little  more  ^*  carbide "  than 
on  absolutely  requires,  and  this  accounts  for  the  presence 
1  quantity  of  carbonic  oxide  in  the  expelled  gas,  the  free 
ing  upon  the  carbonate  formed  bv  the  reaction,  thus  giving 
0  oxide,  and  leaving  a  very  small  percentage  of  the  r^idne 
a  of  sodium  peroxide.    This  small  amount  of  carbonic  oxide 
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rarely  combines  with  any  of  the  soditiin  in  the  tube,  and  so  the  metal 
obtained  in  the  condensers  is  pure,  and  the  tubes  never  become  ohoked 
with  tbe  black  compound*  In  the  preparation  ofpotassium,  a  little  less 
*'  carbide"  is  used  than  the  reaction  requires.  Tnus  no  carbonic  oxide 
is  given  off,  and  all  danger  attached  to  the  making  of  potassium  is 
removed.  After  the  reduction  and  distillation,  the  crucible  is  lowered 
from  the  furnace,  and  the  contents  are  poured  out,  leaving  the  crucible 
ready  to  be  rediarged.  The  average  weight  of  the  residues  ft-om 
operating  upon  charges  of  15  lb.  caustic  s^a  and  5^  lb.  carbide  is 
16  lb.  These  residues  are  treated  either  to  produce  pure  crystallised 
soda  carbonate  or  caustic  soda,  and  tbe  iron  is  recovered  and  used 
again  with  pitch  in  the  formation  of  the  "carbide,"  From  this 
residue,  weighing  16  lb.,  is  obtained  13  lb.  anhydrous  soda  carbonate, 
equivalent  to  9*4  lb.  caustic  soda  of  76  per  cent.  The  practical  yield 
of  sodium  is  2*6  lb.,  when,  theoretically  it  should  be  2 '86.  The 
average  duration  of  distillation  is  \\^  hours,  and  a  furnace  arranged 
for  3  crucibles  treats  45  lb.  caustic  soda  every  90  minutes,  producing 
7^  lb.  sodium  and  89  lb.  soda  carbonate.  The  famace  is  heated  by 
gas  from  a  Wilson  producer  consuming  1  cwt.  fuel  per  hour ;  and  the 
small  auxiliary  furnace  for  heating  the  crucibles  requires  a  further 
J  cwt.     The  estimated  cost  is : — 

720  lb.  canstio  soda  at  IH.  a  ton       3  10  10 

150  lb.  carbide  at  i<2.  per  lb 0    6    4 

Labour 10    0 

Fuel       0  17    0 

Be-oonvetnon  of  carbonate  into  caustic  ..     ..  1    0    0 

Total      6  14    2 

Lees  value  475  lb.  caustic  recovered        ..     ..268 

Kett  cost  120  lb.  sodium 4    7    6 

)r  8fcl.  a  lb.  The  life  of  crucibles  is  found  to  be  about  200  operations, 
»r  less  than  Id.  a  lb.  on  the  sodium  made ;  and  oast-iron  is  as  suitable 
A  steel. 

These  metals  find  their  chief  application  in  laboratory  reagents* 
lodium  was  at  one  time  largely  used  in  making  aluminium  (see  p.  389), 
nd  considerable  quantities  are  still  consum^  in  preparing  sodium- 
malgam  for  gold  mills. 
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TIN. 

Thouoh  widely  distribiited  geographicftlly,  oommercial  sappliee  of  tin 
are  obtained  from  roRtrioted  areas.  Geologically  tin  is  umost  con- 
fined to  graoitic  rocks,  and  mineralogioally  it  is  remarkable  for 
occurring  practically  exclosively  in  the  one  form  of  cassiterite,  SdO^ 
binoxide,  carrying  78^  per  cent,  metal,  though  a  sulphide  called 
stannite  is  encountered  as  a  rarity. 

Cornish  tin->miDing  goes  back  2000,  if  not  4000,  years^  and  is 
entitled  to  first  consideration  if  only  on  that  account.  Formerly 
large  quantities  of  alluvial  tin  (*'  stream  tin  **)  were  collected  in  the 
watercourses,  having  been  derived  from  the  erosion  of  stanniferDin 
veins ;  and  such  tin  stone  was  always  purer  than  vein  tin,  beosnse 
associated  pyrites  had  been  oxidised  and  washed  away  from  it.  All 
Cornish  tin  is  now  derived  from  veins,  which  occur  principally  in 
granite ;  they  are  also  found  in  the  slate  (or  '^  killos  "),  which  usuallj 
rests  on  the  granite  at  a  high  angle.  In  8ome  cases  the  juncticm  of 
these  two  rocks  is  nearly  vertical ;  again  they  are  considerably  broken 
and  mixed  at  the  point  where  they  come  together ;  and  sometimefl  *t 
these  points  they  are  also  altered  in  texture,  the  granite  becoming 
very  fine-grained,  and  the  slate  hard  and  massive.  In  addititm  to 
these  rocks  are  numerous  dykes  of  quartz-piorphyry,  known  as ''  elran 
courses,"  sometimes  only  a  few  feet  in  widtn,  but  generally  much 
wider;  they  traverse  tne  granite  as  well  as  the  slate  without  in- 
terruption. The  mineral  veins  penetrate  the  granite,  slate,  and  elvan 
courses,  showing  that  they  were  formed  since  the  elvans.  It  is  4 
common  occurrence  for  the  mineral  veins  to  carry  copper  ores  in  tbe 
slate,  tin  appearing  as  the  eranite  which  underlies  the  slate  ifl 
approached,  and  eventually,  where  the  main  body  of  granite  is  pene- 
trated by  the  vein,  tbe  copper  ore  gives  out  entirely,  and  tin  takes  iti 
place.  Every  mineral  vein  or  lode  throws  off  branches  and  stringers 
into  the  adjoining  country  rock,  sometimes  to  such  an  extent  that  tbe 
main  lode  becomes  divided  into  a  complex  network  of  veins.  A  lode 
will  also  dwindle  to  a  mere  line,  while  some  of  the  stringers  become 
enlarged,  exceeding  in  bize  the  parent  vein.  Near  Bedruth  are  alte^ 
nations  of  granite  and  slate.  At  the  Tincroft  mine,  granite  goes 
down  to  156  ft.  below  surface,  when  slate  appears,  and  continues  to  s 
depth  of  500  ft.,  at  which  point  the  main  body  of  granite  reappeam 
At  the  Dolcoath  mine  a  large  mass  of  slate  rock  was  mot  with  2^  ft 
below  surface ;  this  slate  is  included  in  the  granite  1440  ft.  below  the 
point  where  that  rock  was  first  cut  into  by  the  workings,  and  1860  ft 
below  sea-level.  The  average  yield  of  tin  from  the  rock  mined  ii 
about  3-4  per  cent.,  or  65-90  lb.  per  ton.  In  the  Dolcoath  mine  a* 
2400  ft.  the  produce  is  300  lb.  a  ton.  Enormous  profits  have  beet 
made  in  the  past  from  such  mineral.     Much  of  the  mining  is  noir 
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'Carried  on  aotnallj  beneath  the  sea,  presenting  many  difficulties,  and 
in  no  place  can  nnderground  work  be  better  studied. 

In  Spain  are  considerable  deposits  of  stream  and  vein  tin,  in  the 
province  of  Orense,  the  rocks  closely  resembling  the  granites,  mica- 
schistSy  and  killas  of  Cornwall.  The  alluvials  are  extensive,  4-12  ft. 
deep,  and  carry  3  lb.  tin  per  ton.  The  veins  strike  30°  N.  of  E., 
averaging  5-8  ft.  vnde,  and  dip  S.,  but  have  not  yet  been  developed. 

Burma  is  the  great  source  of  Indian  tin  supplies.  In  the  Tenas- 
ferim  division,  tin  stone  is  very  plentiful,  every  stream  bed  near 
Jfaliwun  in  Mergui  yielding  the  metal  when  washed.  Dr.  Oldham 
Btates  Hiat  the  main  source  of  all  the  Tenasserim  tin  is  the  granite 
range  separating  that  province  from  Siam,  where  it  exists  as  an 
essential  ingredient  of  the  mass  of  rock,  occurring  disseminated 
through  the  granite  in  small  crystals,  and  being  similarly  arranged  to 
the  quartz  and  felspar.  The  degradation  of  this  granite  by  weathering 
through  an  enormous  period  of  time  has  suppbed  the  sand  which  is 
now  so  abundantly  impregnated  with  stream  tin .  At  Mergui  it  used  to 
he  worked  in  the  very  gardens  of  the  town,  and  in  the  Thawbawleck 
river  there  have  been  iBxtensive  stream  washings  for  years ;  the  fine 
sand  being  sorted  out  with  a  cane  shovel  that  acts  like  a  large  sieve, 
9sA  finally  washed  in  wooden  dishes,  in  which  the  tin  sinks  by  its 
own  weight  on  the  water  being  revolved.  The  only  European 
attempt  to  work  Burmese  tin  on  a  considerable  scale  was  made 
between  1873  and  1877,  when  they  not  only  washed  the  stream  tin, 
hut  opened  out  veins  of  ore  in  the  hills.  During  the  cold  weather  of 
1874-75  some  7  tons  of  metal  and  14  tons  of  cleaned  picked  ore  were 
exported.  The  works  were,  however,  closed  in  1877.  It  is  worthy 
of  note,  however,  that  since  the  European  workers  failed,  the  Ohinese 
have  found  the  mines  remunerative,  and  are  still  at  work  there,  though 
th^  pay  a  ground-rent  and  a  royalty  of  5  per  cent.  Warth  places 
the  average  yield  at  *04  per  cent,  impure  wash  tin.  Hughes  has 
reported  officially  on  a  so-called  reef,  which  he  says  is  '*  rather  a  zone 
of  metamorpbic  rocks  through  which  runs  of  varying  ore-bearing 
quartzites  can  be  traced.  Many  of  the  smaller  seams,  of  a  reddish- 
brown  colour,  are  heavily  weignted  with  tin  ore,  giving  as  high  a 
proportion  as  60  per  cent.  The  point  on  which  there  can  be  no 
dispute  is  that  there  is  a  large  mineralised  zone  of  rock  exposed  in  the 
form  of  a  prominent,  well-defined  hill,  which  is  free  from  any  specu- 
lative doubts  as  to  its  existence.  At  the  spot  known  as  Khow  Muang 
tiiere  are  at  least  60,000  tons  of  reef  within  sight." 

Straits  tin  *  forms  about  a  third  of  the  world's  production,  and 
the  bulk  of  this  is  derived  from  an  area  20  miles  square  in  Perak, 
the  Kinta  district,  from  a  belt  of  Ij^  sq.  miles,  having  yielded  over  a 
million  sterling  worth  of  tin  in  4  years.  The  N.-S.  mountain  ridge 
traversing  Perak  consists  chiefly  of  palaeozoic  rocks,  granite,  lime- 
stone, and  syenite  constituting  the  greater  part.  The  granite  is 
porphyritic,  containing  felspar  in  large  proportions.     The  limestone 

•  J.  H.  HamptoD,  « Tin  Deposits  of  the  State  of  Perak."  Trans.  Min.  Inst. 
Cornwall,  1886;  E  B.  Pike,  "Mining  in  Perak,"  Trans.  Min.  Assoc,  and  Inst. 
Cornwall,  iii.  194;  Becher,  **Tin  Mining  in  the  Malay  Peninsula,"  Trans.  Inst. 
Min.  and  Met.,  L 
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is  a  wbite  orystalline  mass,  the  relative  age  of  which  is  diffidlt  to 
determine  (variously  called  Devonian,  Silurian,  and  LameDUaD),  u 
all  evidence  of  organism  has  become  obliterated.  The  aUayial  tin 
deposits  which  rest  on  these  palasozoic  rooks  exist  in  the  pkins, 
valleys,  and  sullies,  and  are  of  I'ertiary  age,  being  tm  aocumnlatioa  of 
disintegrated  rock.  The  beds  of  allnvium  vary  in  extent  and  thin- 
ness, and  are  composed  of  beds  of  sand  and  clay  resting  on  tli6  tin 
*'  wash,"  and  in  which  are  found  numerous  trees  and  stamps  in  %  good 
state  of  preservation.  The  tin  wash  is  found  at  depths  vaiying  from 
2  to  35  ft,  and  vr^th  a  variable  thickness  of  a  few  inches  to  15  fU 
producing  at  different  points  ver^  different  percentages  of  tin  ore, 
from  J^  to  30  per  cent.  The  wash  is  composed  of  pebble-shaped  Pig- 
ments of  quartz  and  granite,  and  it  is  this  water^wom  appeannoe  of 
the  constituents  that  characterises  the  tin-producing  layers.  Tour- 
maline in  large  proportions  is  one  of  the  constitnents,  and  is  jraait 
in  greater  quantities  than  is  usual  in  Cornwall  or  Tasmania.  Wi&  i 
few  exceptions  the  cassiterite  is  free  from  pyrites,  and  each  gvun  of 
the  mineral  having  a  distinct  existence,  is  easily  sepaimted  fiom  tk 
minerals  of  inferior  specific  gravity,  and  prepared  for  smelting.  The 
largest  grains  are  found  on  the  tops  of  some  of  the  hills,  while  ti» 
next  largest  are  in  the  valleys  near  the  hills,  and  so  a  diminntioD  b 
size  is  noticeable  as  distance  from  the  hills  is  attained.  Besides  tb« 
black  tin  ore,  white  cassiterite  is  of  frequent  occurrence,  and  oooasioDilij 
red  or  ruby  ore.  The  water  in  the  deposits  is  in  some  cases  ooc- 
siderable,  and  the  quantity  experienced  depends  on  the  points  tt 
which  the  shafts  are  sunk,  for  in  sinking  the  shaft  keeps  dry  whik 
piercing  the  clay,  and  until  the  sand  is  reached,  when  the  oonfined 
water,  finding  an  outlet,  rises  to  its  hydrostatic  surfiioe,  and  neoew- 
tates  the  application  of  considerable  pumping  power  until  the  stnti 
are  drained.  Next  to,  or  underneath  the  '*  wash,"  is  a  bed  of  kaoiio, 
or  the  bedrock,  either  granite,  limcHtone,  or  syenite.  Pockets  ii^ 
crevices  in  the  limestone  are  often  found  filled  with  tin-prodnobf 
gravel,  but  in  no  case  has  limestone  been  discovered  to  be  the  matni- 

In  Becher's  opinion,  1  per  cent,  of  ore  is  a  high  average  riohneei 
for  the  gravel,  as  this  represents  22  lb.  to  the  ton,  or  about  40  lb. 
black  tin  to  the  cubic  yard ;  and  he  considers  the  average  pn>portii» 
of  gravel  to  overburden  to  be  10  per  cent,  of  the  total  aUunmo, 
which  would  thus  contain  '  1  per  cent,  of  its  weight  of  tin  or&  At 
the  lowest  computation  a  Chinese  coolie  will  dig  and  raise  1  cab.  ji 
(say  3000  lb.)  of  ground  per  day.  A  yield  of  '1  per  oeni  or  3lh. 
tin  ore  from  this  would  be  worth  Is.  ^d.,  which  is  double  the  ordi&sij 
Chinese  coolie's  wage  or  the  contract  price  for  the  job,  and  at  titf 
rate  his  year's  work  of  250  days  would  produce  18l.  worth  of  0n» 
whilst  he  actually  gets  only  about  02.  As  a  m<&tter  of  fftct,  a  oooik 
raises  2  cub.  yd.  a  daj,  and  his  average  production  is  800  lb.  of  on 
per  annum ;  and  taking  it  that  he  is  actually  employed  200  days  ii 
the  year  on  this  work  only,  this  yield  represents  only  2  lb.  per  cob. 
yd.,  or  •  06  per  cent,  of  tin  ore  in  the  total  material,  which  may  ^ 
taken  as  a  near  approach  to  the  actual  yield  of  the  deposits  togc^ 
with  their  overburden. 

By  the  Chinese,  these  deposits  are  always  worked  in  opoica^ 
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and  never  by  blooking  ont  with  shafts  and  levels,  the  whole  work  of 
mining  and  the  treatment  of  the  ore  being  a  matter  of  the  most 
primitive  application  of  manual  labour.  The  valleys,  where  the 
Chinese  mostly  work,  are  generally  very  swampy,  so  a  big  trench  is 
first  dug,  some  6  ft.  deep,  to  drain  off  the  surface  water.  The  timber 
is  then  feUed,  and  the  paddock  is  marked  off.  The  overburden  is 
taken  off  by  contractors,  who  get  paid  about  II.  per  ^'  chang  '*  (30  ft. 
square  by  \\  ft.  deep).  The  size  of  a  mine  is  measured  by  these 
(^angs,  80  that  if  a  mine  is  30  changs  in  size  and  30  ft  deep  it  will 
cost  6002.  to  remove  the  overburden.  When  this  has  been  done,  men 
on  daily  wages  are  engaged  at  about  13d.  a  day  to  bring  up  the  wash. 
The  overburden  and  rubbish  firom  each  successive  paddock  is  methodi- 
cally filled  back  into  those  last  exhausted,  llius  the  overburden  is 
first  entirely  removed  from  each  section,  and  the  pay-gravel  is  then 
separately  excavated  and  raised  to  the  most  convenient  and  lowest 
available  place  for  free  drainage  in  the  workings,  where  it  is  washed 
in  rough  sluice  boxes,  the  largest  stones  in  the  gravel  being  separated 
and  left  in  the  bottom.  Botn  overburden  and  pay-dirt  are  simply 
dng  by  a  numerous  gang  of  men  at  the  face,  using  long-handled  hoes, 
vho  fill  the  stuff  into  small  flat  baskets,  which  are  slung  by  rattans 
b  pairs,  and  carried  on  shoulder  sticks  by  a  still  more  numerous  gang 
of  coolies  along  a  gentle  incline  or  up  notched  pole  ladders  to  the 
iomp.  According  to  the  distance  of  the  latter  from  the  face,  it  takes 
2  or  3  to  a  dozen  carriers  to  each  digger.  When  working  for  him- 
self^ a  Chinaman  will  bring  up  180  lb.  in  one  journey ;  on  the  other 
band,  if  working  on  day  wages,  it  takes  a  lot  of  persuasion  to  make 
the  same  man  carry  30  lb.  even  in  the  Ohinese  mines. 

The  workings  mostly  carry  much  water,  and  are  usually  drained 
rj  water-wheels  and  Chinese  pumps.  The  water-wheels  used  are 
ibout  5  ft  diam.  and  are  always  overHshot  wheels.  There  is  not 
mly  a  waste  of  power,  but  also  of  level,  as  each  wheel  drops  the 
vater  at  least  6  ft.  The  Chinese  pump  (**  kinchew  *')  consists  of  an 
indless  wooden  chain,  with  wooden  blades,  working  through  a 
vooden  frame,  and  over  a  pulley  at  each  end ;  the  whole  framework 
s  placed  at  an  angle,  subject  to  alteration  as  t^e  mine  gets  deeper. 

This  ingenious  though  cumbrous  machine  will,  when  in  good 
•rder  and  worked  full  speed,  throw  as  much  water  as  a  6-in.  centri- 
ogal,  but  only  to  a  height  of  about  30  ft.,  for  which  maximum  effect 
he  pump  has  to  be  about  100  ft.  long,  and  inclined  at  an  angle  of 
bout  25  .  Small  pumps  of  this  form  are  worked  bv  man-power,  the 
mallest  with  hand  cranks,  and  others  by  treadmills.  A  wheel  and 
^ump  about  60  ft.  long  costs  about  602.,  and  the  monthly  keep 
rould  run  to  quite  102.  In  places  where  water  is  plentiful,  they  are 
heaper  than  engines.  There  is  an  instance  of  one  of  these  chain 
umps  having  been  run  by  a  steam-engine  in  Perak  with  great  suc- 
ess.  Where  water-power  is  not  avaUable,  or  the  water  is  all  required 
ift  sluicing,  steam-engines  are  used  for  pumping,  and  consequently 
nable  the  mines  to  be  worked  during  seasons  of  drought,  when  the 
^ater-wheels  cannot  be  used.  There  are  now  some  300  such  plants 
1  use,  consisting  of  engines  of  4-10  nom.  h.p.  and  pumps  up  to 
0  in.  discharge.     The  Malay  miners  confine  themselves  to  the  side- 
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Hill  or  "  lampan  "  workings,  whicli  need  no  (draining  or  machinory. 
They  begin  by  diverting  a  stream,  and,  when  it  is  possible,  nwDingit 
at  a  height  and  allowing  it  to  drop  on  to  the  fece  they  want  to  work. 
The  water  falling  on  the  soil  disintegrates  it,  the  stuff  then  ronnin^ 
into  long  sluices  with  riffles,  and  being  continually  stirred  up  witii 
spades  to  prevent  caking.  When  the  gravel  is  nearly  run  off,  the 
residue  is  taken  out  and  washed,  sometimes  in  pans  and  sometimeB  in 
short  boxes.  This  system  has  led  to  the  suggestion  that  modem 
hydraulicing  methods  might  be  applied  to  the  less  rich  gravels  lying 
at  lower  levels,  such  as  the  valley  deposits  now  worked  by  stripping; 
but  it  seems  very  doubtful  whether  the  flat,  forested,  or  agricnltunl 
country  would  admit  of  any  such  operation  on  a  large  scale. 

Lodes  have  been  recently  discovered  in  the  State.  In  Einta,  tiiev 
mostly  occur  in  the  limestone,  and  yield  copper,  sulphur,  iron,  aiBSuc, 
and  tin.  Up  to  the  present  no  great  depth  has  been  reached,  bat 
from  the  sniface  down  to  30  ft.  most  of  the  lodes  give  great  pronuse 
of  being  rich  in  tin.  At  the  Mahlembu  Co.'s  claim,  large  quanti^ 
of  ore  are  being  shipped  to  Glermany,  for  which  the  Company  are 
receiving  in  some  cases  13  per  oent.  for  white  tin. 

The  great  preponderance  of  small  mine  owners  and  petty  workings 
is  one  of  the  features  of  backwardness  and  limitation  of  profit  in  ^ 
development  of  this  field.  Not  only  is  the  ontput  less  per  head  of  ^e 
mining  population,  owing  to  the  lesser  efficiency  of  small  partw 
without  adequate  appliances,  but  much  ground  is  spoilt,  and  a  laife 
proportion  of  the  mineral  it  might  afford  is  wasted  by  desultory  and 
unsystematic  operations. 

Land  can  be  obtained  from  Government  on  a  21  years'  lease,  and 
hand  fide  work  must  be  commenced  within  6  months,  an  average  o^ 
2  men  per  acre  to  be  employed,  unless  the  land  is  too  poor  to  wamnt 
such  expense.  All  water  and  water-courses  are  the  proper^  of 
Government,  and  on  new  land  sufficient  water  to  wash  with  is  giveti 
out  by  the  Inspector  of  mines.  The  duty  on  tin,  coUected  by  tbe 
Government,  is  10  per  cent. 

The  tin  deposits  of  Banca,  Billiton,  Singkep,  and  other  points  in 
the  Dutch  East  Indies,  are  mainly  alluvial,  although  some  lodee 
supposed  to  be  6f  recent  origin  have  been  worked.  The  bed-rock  ef 
the  country  comprises  granite,  metamorphic  slates,  qnartzitee,  and 
sandstones.  The  cross-section  of  the  Banca  deposits  would  shov, 
following  from  the  bed-rock  upward,  an  average  of  3  ft.  of  tin  ore  over- 
laid with  coarse  sand,  followed  by  red,  white,  and  black  day ;  then 
coarse  sand  with  pockets  of  clay,  and  layers  of  fine  sand  carrying  » 
little  tin  ore;  then  humus.  The  average  overburden  is  25-30  ft 
thick,  and  the  yield  from  the  pay  streak  about  •  1  per  cent  The  tin 
of  Banca  and  Billiton  has  been  traced  to  its  original  sources — ^tbe 
veins  in  the  granite  and  gneiss.  Veins  are  also  found  cutting  thrtmg^ 
the  overlying  quartz-schists,  clay-slates,  and  clay-sandstones,  bit 
very  little  lode  mining  has  been  profitably  done.  Only  about  oaje- 
quarter  of  the  Banca  and  Billiton  tin  requires  refining;  the  "bl*<i 
tin  "  averages  71  per  cent,  in  white  metal,  and  the  loss  in  smeltiiig  i* 
given  at  about  3  per  cent. 

Stream  tin  has  recently  been  found  in  some  quantify  in  the  S^ 
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distriot  of  Sumatra,  in  oreek  beds  overlying  granite,  with  26-30  ft.  of 
oTerbnrden,  the  pay  streak  yielding  about  1  per  cent,  metallic  tin. 

The  tin  deposits  of  Tasmania  *  may  be  grouped  as :  {a\  alluvial 
deposits ;  (b)  lodes  and  veins ;  fc)  impregnations  or  stockworKS.  They 
are  generally  confined  to  districts  composed  of  granite  or  penetrated 
by  quartz-porphyry  dykes,  but  at  Mount  Lyons  tin  ore  is  found  in 
Silurian  strata,  18  nules  from  the  nearest  known  granite,  though 
probably  the  granite  lies  below  at  no  great  depth.  The  principal 
alluvial  workings  are  in  the  north-eastern  district,  along  the  vallevs 
of  the  Bingarooma  and  George's  rivers  and  their  branches;  the 
deposits  are  of  different  ages,  from  Miocene  to  recent.  Some  of  the 
older  drifts  are  capped  with  basalt,  and  are  worked  by  underground 
mining,  but  the  most  tin  has  been  got  from  shallow  workings  by 
ground  sluicing.  The  easily-obtained  ore  ( •  75  per  cent.)  is  now  pretty 
well  worked  out,  and  hydraulic  sluicing  of  the  larger  and  poorer 
deposits  is  being  more  and  more  resorted  to.  There  are  still  large 
areas  of  deep  ground  to  be  worked,  and  tin  should  be  produced  from 
these  for  the  next  century  at  least.  In  this  part  of  the  country  the 
ore  appears  to  be  derived  from  small  veins  in  the  granite,  and  from 
stockworks  rather  than  from  true  lodes,  for  only^a  very  few  of  the 
latter  have  been  found,  and  none  has  yet  been  profitably  worked. 
On  the  Blue  Tier  the  stockworks  have  been  attacked  with  some 
Boccess;  in  these  the  tin  ore  impregnates  a  much  altered  quartz- 
porphyry,  which  appears  to  be  intrusive  through  the  main  country 
granite  (felspar-porphvry).  The  average  value  of  the  rock  is  quite 
low  (i-lj  per  cent,  black  tin),  but  as  the  stuff  is  in  very  large 
quantities,  and  can  be  worked  in  open  quarries,  it  is  possible  to  make 
it  pay.  The  Anchor  mine  has  opened  its  deposit  over  an  area  of  8-9 
acres,  and  has  made  profits  with  only  a  small  and  inefficient  plant 
from  rock  yielding  on  an  average  *94  per  cent,  black  tin.  With 
^Tge  plant  and  good  appliances,  there  would  be  a  very  large  pro- 
iuction  of  tin  from  these  deposits.  True  lode  mining  nas  been  but 
Little  attempted  as  yet,  and  with  poor  success,  though  lately  the  out- 
look has  become  more  promising,  owing  to  the  discovery  of  richer 
uid  larger  veins.  The  celebrated  Mt.  Bischoff  deposit,  which  yields 
learly  one-half  of  the  product  of  the  Colony,  is  partly  an  alluvial 
Irift  and  partly  a  lode,  while  tin  ore  also  occurs  in  it  impregnating  a 
topaz-porphyry ;  it  therefore  combines  features  of  all  three  classes  of 
in  ore  deposits.  A  dyke  of  eurite  and  topaz-porphyry  has  been 
ntruded  through  metamorphic  slates  and  sandstones  of  Silurian  or 
^jrchsean  age,  and  along  the  contacts  and  in  fissures  produced  by  the 
jitrusion,  tin  ore,  associated  with  much  arsenical  and  iron  pyrites 
Lnd  pyrrhotite,  has  been  deposited.  In  the  lower  levels  the  unaltered 
mlphides  are  met  with,  and  require  to  be  roasted  to  set  free  the  tin 
)re ;  on  the  surface,  however,  the  ore  is  quite  oxidised.  The  Brown 
?*aoe  is  an  immense  mass  of  gossan  containing  tin ;  it  is  worked  as 
in  open  quarry  1000  ft.  wide  and  100  ft.  high  at  very  low  cost.  The 
ode,  which  in  the  underground  workings  appears  as  quite  a  small 
rein,  seems  to  have  widened  out  to  a  great  size  at  the  present  surface 

^  J.  Bowe,  ^  Tin  Mining  m  Tasmania,*'  Trana.  Min.  Inst  Cornwall,  1886 ; 
i.  Montgomery,  '*  The  Minem  Indnstry  of  Tasmania,"  En.  and  Min.  Jl. 
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workinj^.  Important  discoveries  of  tin  ore  have  lately  been  made  at 
North  Dundas,  the  Meredith  Bange,  and  at  Bell  Monnt,  and  it  seems 
likely  that  the  tin-mining  industry  will  increase  in  importance  ratlttr 
than  fall  off-  At  Bell  Mount  it  may  be  noted  that  the  tin  orB  is 
closely  associated  with  bismuth  carbonate,  specimens  being  obUin- 
able  containing  both  minerals  intermixed,  an  nnnsnal  oombinatian. 
Miners'  wages  run  high — 8Z.-10Z.  a  month,  and  driving  ordisarilj 
costs  4I.-5I.  a  fathom. 

Australian*  tin  is  generally  found  in  connection  with  euritic 
granites,  though  sometimes  the  stanniferous  granite  passes  into  a 
micaceous  variety.  While  the  tin  granite  of  Australia  appean 
closely  allied  to  that  of  other  countries,  and  has  even  been  described 
as  exactly  corresponding  to  that  of  Cornwall,  it  contains  more  white 
orthoclase  in  its  composition  and  less  schorl ;  in  fact,  in  many  places 
there  is  a  total  absence  of  this  last  mineral.  It  is  also  a  mucn  softer 
rock,  more  easily  eroded;  and  its  easy  disintegration  is  a  veiy 
important  item,  as  on  this  greatly  depends  the  extent  of  the  stream 
deposits.  There  appear  to  have  been  two  outbursts  of  granite,  both 
highly  felspathic ;  the  older,  which  has  been  the  chief  source  of  tin, 
is  euritic,  and  the  second  porphyritic,  the  crystals  being  white 
orthoclase.  The  period  between  the  emissions  has  not  been  great, 
and  all  of  them  are  tin-bearing.  There  is  a  very  marked  difference, 
however,  in  the  character  of  the  tin  stone  from  the  euritic  and  the 
micaceous  granite,  that  from  the  former  being  more  highly  and  more 
generally  crystallised  and  transparent,  and  that  from  the  latter,  when 
crystalline,  being  less  transparent,  but  more  usually  amorphous.  The 
difference  is  seen,  not  only  in  the  mode  of  occurrence  in  the  veins, 
but  also  in  the  stream  tin,  where  it  is  not  derived  partly  from  eadv 
kind  of  granite.  In  the  case  of  the  euritic,  the  sides  of  the  veioa  an 
generally  covered  with  crystals  of  tin,  very  transparent;  and  evea 
when  these  veins  run  together,  as  they  often  do,  and  form  masses,  the 
ore  is  always  of  a  more  glistening  hue  when  broken.  In  Uie 
micaceous  granite,  although  sometimes  crystalline,  the  crystals  are 
not  so  perfectly  developed,  and  are  dull;  while  the  masses  consist  of 
dull  irony-looking  lumps,  and  the  stream  tin  is  of  a  dull  dirty  brown 
colour.  It  does  not  appear,  however,  to  have  any  effect  on  the 
quality  of  the  metal,  the  tin  made  from  both  refining  equally  wdl 
and  being  as  pure. 

The  sources  of  Australian  tin  are  threefold : — (a)  existing  riter 
and   creek  beds ;  (6)  buried  drifts  of  the  Miocene  period ;  and  (c) 
veins  in  the  granites  themselves.     The  first  are  sometimes  enridwd 
by  erosions  of  the  second  system ;  they  extend  for  a  length  of  400 
miles  along  a  granite  country.     The  "  deep  leads "  occur  wherever 
basalt  joins  the  granite,  and  are  of  enormous  extent.    V^taUe 
Creek  (Emmaville),  New  South  Wales,  has  been  worked  for  a  distance 
of  about  5  miles  along  its  course  with  usually  great  success.    Somfr    I 
portions  of  the  ground  contained  the  tin  at  surface,  and  in  other  parts  f 
it  has  been  obtained  at  various  depths.     The  covering  in  some  places    ' 
is  composed  of  granite  detritus  cemented  together  by  infiltration  d  ;  | 
iron.     In  one  mine,  the  lead  has  been  proved  payable  for  a  width  of 

•  S.  S.  Vale,  "  Australian  Tin  Deposits,"  Trans.  Min.  Inst  Ck>nurall,  1884. 
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300  ft.,  having  an  average  thickness  of  wash-dirt  of  3  ft,  containing 
about  80  lb.  of  ore  to  the  load  of  60  buckets.  At  Victoria  Creek, 
N.8.W.,  a  tunnel  has  been  driven  for  a  distance  of  2000  ft.  along  the 
cotuse  of  the  lead,  the  widtii  being  18-400  ft.,  with  an  average  thick- 
ness of  3  ft.  of  excellent  paying  wash-dirt,  and  at  a  depth  of  60  ft. 
from  surface.  On  one  part  of  the  workings  a  very  hard  layer  of 
cement  was  met  with,  14  in.  thick,  and  under  it  a  splendid  run  of 
wash  was  found  2-4  ft  thick ;  16  ft.  below  this  again  the  main  lead 
is  worked.  In  one  portion  of  the  lead,  tremendous  volcanic  heat  has 
passed  through ;  everything  is  charred,  even  the  tin  ore.  In  another 
place,  the  phenomena  led  to  a  supposition  that  the  tin  was  in  siivk  in 
a  hard  el  van  rock,  but  later  development  showed  it  to  be  only  a  local 
metamorphosis  caused  by  a  flow  of  basaltic  lava,  which  had  hardened 
the  bed.  Small  patches  of  tin  in  the  chlorites  are  only  of  local  occur- 
rence. The  permanent  sources  of  tin  will  be  the  veins  and  segrega- 
tions in  the  granites.  They  occur  along  the  whole  course  of  the 
granite  formations,  wherever  the  alluvial  ground  is  found,  having  a 
uniform  bearing  of  E.N.E. ;  varying  in  thickness  from  a  mere  thread 
to  1  ft ;  and  are  rarely  followed  to  a  greater  depth  than  20-30  ft, 
when  iliey  die  out  Occasionally  these  strings  of  ore  run  together 
and  form  huge  masses  of  ore ;  at  one  place,  lumps  of  solid  ore  were 
obtained  weighing  50  lb.,  but  it  proved  to  be  only  an  irregular  mass. 
Frequently  the  ore  is  disseminated  through  the  rock  in  fine  grains, 
osuidly  highly  crystallised,  black,  and  compact  in  the  euritic,  and 
less  crystaUised,  brown,  and  less  compact  in  the  micaceous,  while  the 
tinstone  from  the  former  assays  higher  than  that  from  the  latter. 
The  matrix  of  the  tin  is  principally  quartz,  and  in  all  cases  it  is 
bighly  silicious;  sometimes  almost  entirely  white  topaz.  In  some 
aases  the  tin  crystals  are  inside  the  quartz,  and  in  others  outside  the 
]nartz,  thus  showing  that  they  were  deposited  simultaneously. 

The  most  important  tin  mines  in  Queensland  are  near  Goolgarra, 
in  the  Herberton  district ;  others  are  at  Cooktown,  on  the  Annan 
iod  Bloomfield  rivers;  and  at  Stanthorpe,  on  the  border  of  New 
South  Wales.  Herberton  is  the  chief  tin-mining  centre  of  Queensland, 
md  the  tin  is  here  obtained  chiefly  from  lodes.  A  very  noticeable 
(iBature  in  the  district  is  the  occurrence  of  dykes  of  some  altered 
basic  rock.  These  dykes  are  the  main  sources  of  the  tin  ore.  They 
ippear  to  be  more  prevalent  among  the  sedimentary  strata  than 
imongst  the  granitic  rocks.  As  noticed  by  E.  L.  Jack,  there  exists 
m  intimate  connection  of  the  tin  deposits  with  these  metamorphosed 
Igneous  dykes.  These  tin-bearing  dykes  have  no  prevailing  direction, 
sometimes  they  intrude  themselves  along  the  planes  of  bedding  of 
the  sedimentary  rocks,  and  at  other  times  they  follow  joint  planes. 
13asee  were  noticed  in  which  it  appeared  as  though  they  have  even 
penetrated  quartz  reefs.  The  percentage  of  tin  in  these  dykes  varies 
rery  much  in  different  portions.  Throughout  the  ''  stone,"  the  cas- 
dterite  occurs  in  an  exceedingly  irregular  manner.  There  are  no  lodes 
n  the  proper  sense  of  the  word.  The  tin  ore  occurs  sometimes  in  fine 
^strings  "  or  *'  leaders,"  often  swelling  out  into  large  bunches ;  at  other 
limes  a-certain  amount  of  the  ore  is  disseminated  through  the  body  of 
the  dykes.    Some  stream  tin  has  been  obtained  by  washing  the  gullies. 
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The  yield  of  tin  in  Victoria  is  small,  and  nntil  lately  no  field  of 
importance  had  been  disooveied,  bnt  toward  th^end  of  1890  extennTe 
deposits  were  reported  to  exist  in  the  Gippsland  district,  at  Omeo 
and  TarwiD.  Small  deposits  have  been  fonnd  in  the  Beechworth 
district,  at  Indigo  and  Mitta  Mitta.  The  formation  in  which  the 
lodes  occur  at  Wombat  Creek  consists  mainly  of  altered  slates  and 
sandstones,  converted  in  many  places  into  nodular  schists^  and  ]^yl* 
lites.  These  sedimentary  rocks  are  probably  Upper  Silurian.  They 
are  all  highly  inclined,  and  are  apparently  lithologically  similar  to 
the  supposed  Upper  Silurian  sediments  m  the  lower  part  of  the 
valley,  which  are  there  associated  with  limestone  and  conglomerate 
beds.  The  sediments  have  been  penetrated  by  extensive  pegmatite 
and  aplite  masses,  which,  together  with  other  more  silicious  segrega- 
tions, form  outcrops  along  the  ridges.  It  is  in  the  former,  or  associated 
with  them,  forming  a  sort  of  stockwork,  that  many  of  the  tin  lodes 
occur.  When  the  stanniferous  materials  are  most  abundant,  the 
matrix  is  a  very  distinct  greisen.  The  mica  (mxiscovite)  is  finequently 
plumosely  arranged,  and  the  quartz  glassy.  In  some  localities  wb^e 
the  lodes  traverse  the  slates  the  matrix  is  granulitic.  Manv  of  the 
pegmatite  masses  are  full  of  tourmaline  crystals,  and  where  the  latter 
are  most  abundant  the  micaceous  materials  are  either  wanting  or  is 
smaller  quantities.  The  granitic  rock  masses  with  which  the  tin  ore  is 
associated  are  certainly*  younger  than  the  Silurian  sediments  they 
invade,  and  are  probably  Devonian.  The  deposits  are  well  situated 
for  economic  mining  and  dressing ;  yields  of  me  stone  vary  firom  2*9 
to  5*85  and  average  4*8  per  cent,  metallic  tin« 

In  Western  Australia,  tin  is  worked  near  Bridgetown.  The 
formation  of  the  district  is  crystalline  schistH,  gneissic  and  granitic 
rock,  with  numerous  dykes  of  diorite,  granite,  and  veins  of  tour- 
maline. The  tin-wash  of  the  field  varies  greatly  in  thickness  (6  in. 
to  20  ft.^,  and  in  richness.  No  lodes  have  been  found,  but  from  the 
crystallme,  un-waterwom  character  of  the  tin  they  must  exist.  The 
field  is  in  its  infancy,  and,  up  to  the  end  of  1891, 576  tons  of  tin  ore  had 
been  exported.  Tin  has  also  been  discovered  in  the  alluvial  workings 
at  Pilbarra,  but  the  deposits  could  not  be  worked,  as  the  mining 
regulations  for  working  gold  and  tin  clash. 

In  the  United  Stat^  cassiterite  occurs  in  small  stringers  and  veins 
on  the  borders  of  granite  knobs  or  bosses,  either  in  the  granite  itself 
or  in  the  adjacent  rocks,  in  such  relations  that  it  is  doubtless  the  result 
of  fumarole  action  consequent  on  the  intrusion  of  the  granite.  It 
appears  that  the  tin  oxide  has  probably  been  formed  &om  the  fluoride. 
A  fovourite  rock  for  the  ore  is  iiie  so-called  "  greisen,"  a  mixture  of 
quartz  and  muscovite  or  lithia  mica,  and  probably  an  original  granite 
altered  by  fumarole  action.  Topaz,  tourmaline,  and  fluorite  are 
found  with  the  cassiterite,  indicating  fluoric  and  boraoio  fumaroles. 
Cassiterite  seems  also  to  crystallise  out  of  a  granite  magma  with  the 
other  component  minerals.  Narrow  veins  have  been  discovered  ib 
mica  schists  with  lepidolite  and  fluorite.t 

Of  the   many  American  mining  ventures  which  have   brought 

•  J.  Stirling,  *'The  Tiu  Lodes  at  Wombat  Creek,"  Bep.  Victoria  Govt. 
t  Kemp,  op.  cit. 
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fortnneB  to  their  vendors  and  disaster  to  the  British  capitalist,  Ihe 
tin  mines  stand  out  prominently.  The  Cajaloo  mine,  belonging  to 
the  San  Jacinto  Estate  (Limited),  in  California,  has  cost  approximately 
200,0001.  (including  90,0002.  purchase  money),  and  from  it  has  been 
milled  about  6000  tons  ore,  yielding  about  120  tons  pig-tin  (2  per 
cent,  say),  value  11,0002.  Of  the  Harney  Peak  mines.  South 
Dakota,  it  was  officially  reported  in  1891  ^at  there  were  about 
500,000  tons  of  ore  in  sight,  averaging  14  per  cent.,  while  selected 
specimens  gave  30-40  per  cent.,  and  that  inexhaustible  quantities 
could  be  ^ot  yielding  4  per  cent.  An  expenditure  of  about  4  millions 
sterling  (mostly  English)  has  not  produced  more  than  10  tons  of  tin, 
the  fact  being  that  Sie  ore  will  nowhere  average  more  than  40  lb.  to 
the  ton  (1*3  per  cent.),  and  cannot  be  worked  at  a  profit.  So  much 
for  the  developed  mines.  Undeveloped  deposits  are  reported  in 
Alabama,  N.  Carolina,  and  Virginia.  At  Broad  Arrow,  near  Ashland, 
Alabama,  tin-ore  is  diisseminated  in  gneiss,  the  ore  averaging  about 
\\  per  cent,  black  tin,  but  being  very  much  mixed  with  titaniferous 
iron.  At  King's  Mountain,  N.  Carolina,  cassiterite  occurs  very 
irregularly  in  a  "  greisen  "  or  altered  granite,  and  in  limited  alluvials 
derived  from  the  disintegration  of  the  same.  On  Irish  Creek, 
Virginia,  experimental  parcels  of  veinstone  taken  from  deposits  in 
granite  have  shown  3^3^  per  cent,  metallic  tin,  largely  associated 
with  arsenical  pyrites  and  ilmenite,  which  increase  the  difficulties  of 
concentration  and  lower  the  value  of  the  product.  The  United  States 
virtually  produce  no  commercial  supplies  of  tin. 

In  Mexico,  tinstone  has  been  found  at  numerous  widely  separated 
localities,  among  which  may  be  mentioned  Durango,  Cacaria,  Potrillos, 
and  Sain,  in  the  State  of  Durango;  Chalchiuites,  in  Zacatecas ;  Bolanos, 
in  Jalisco ;  Cerro  de  Zamorano,  in  Queretaro ;  Cerro  del  Chiquihuite, 
in  Aguas  Calientes;  and  some  places  in  the  State  of  Guanajuato. 
None  of  these  deposits  has  been  systematically  or  extensively  ex- 
ploited, with  the  exception  of  those  of  Durango,  where  the  ore  is  found 
to  occur  in  small  but  frequently  very  rich  pockets  in  ill-defined  veins 
in  trachyte-porphyry,  which  is  the  common  country  rock. 

Bolivian  tin  occurs  in  association  with  silver.  The  veins  are 
encountered  in  porphyritic  diorite  traversing  sandstones  and  con- 
glomerates, in  trachyte  penetrating  slates,  and  in  slates  and  quartzites. 
The  silver  veins  of  Potosi  carry  quantities  of  tin,  the  two  metals 
eometimes  occurring  in  distinct  bands  in  the  same  vein.  At  Chorolque, 
bismuth  accompanies  the  tin ;  and  iron  pyrites  is  a  common  associate. 
High  cost  of  transportation  (on  llamas)  to  market  is  the  chief 
hindrance  to  development  of  the  industry. 

According  to  Strauss,  very  large  quantities  of  alluvial  tin  exist  in 
Swaziland,  South  Africa,  but  are  not  immediately  available  on 
account  of  lack  of  labour  and  difficulties  of  transportation. 

Treaimeni, — The  treatment  of  stanniferous  material  is  twofold, 
firstly  a  mechanical  dressing  to  separate  the  tinstone  or  ore  proper 
from  the  refuse,  and  secondly,  a  metallurgical  process  by  which 
metallic  tin  is  smelted  out  of  the  ore.  In  the  case  of  stream  tin  the 
material  is  already  in  a  form  fit  for  concentration,  but  vein  tin 
requires  pulverising  to  reduce  it  to  that  condition.    Nearly  all  the 
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Oomish  tin  is  won  from  veins,  and  nearly  all  the  foreign  tin  is 
alluvial. 

The  Oomish  veinstone  is  mined  and  transported  to  the  mill  as  any 
other  mineral.  At  the  mill  it  first  undergoes  a  preliminary  hand 
sorting  to  separate  any  lumps  of  copper  ore  which  may  be  among  it, 
derived,  in  fact,  from  the  same  vein  or  lode.  The  first  stage  in 
reduction  is  often  accomplished  by  hammers  wielded  by  women,  also 
by  breakers.  Next  the  tin  ore  passes  to  the  stamps,  which  are  for 
the  most  part  of  simple  if  not  rudimentary  construction,  as  compared 

with  the  modem  forms  JiJSf&^ 
in  milling  auriferous  ro(^ 
Fig.  173  illustrates  a  pattern 
possessing  some  novel  featores 
which  are  claimed  *  as  im- 
provements. The  ore  is  sup- 
plied to  the  feed  launder  a  and 
falls  thence  into  the  feed-box 
b,  whence  it  passes  at  c  into 
the  mortar  proper  near  the 
bottom.  The  imoe  and  die 
are  made  hemispherical  in 
section  and  the  stamp  d  re- 
volves, so  that  a  grinding 
as  well  as  a  crushing  acticm 
is  obtained,  and  the  shape 
adopted  gives  twice  as  much 
surface  as  the  usual  flat  form. 
The  battery  consists  of  8  such 
stamps,  in  2  rows  of  4  each. 
The  grating  is  at  e.  It  is  re- 
corded that  while  the  ^*  battery 
sand"  or  crushed  ore  of  20 
years  ago  was  considered  fine 
enough  if  it  passed  thraugh 
a  30-me6h  screen  in  the  grating 
e,  now  40-mesh  is  commonly 
employed,  the  reason  given 
being  that  the  tin  in  the  deeper 
Fig.  173. — Tnr  Stamp.  workings  is  more  oompletely 

disseminated  through  the  rock 
in  exceedingly  fine  particles,  that  in  the  ore  known  as  *'  blue  peach," 
for  instance,  being  almost  invisible  to  the  naked  eye.  Stampmg 
is  done  wet,  and  the  pulp  flows  from  the  stamps  to  a  huddle,  in  which 
it  is  settled,  so  that  the  heavier  metallic  particles  are  deposited 
in  the  centre,  while  the  refuse  (called  ''green  stuff")  is  deposited 
towards  the  circumference.  So  much  of  this  central  deposit  as  is 
not  merchantable  is  calcined  (**  burned  "^  and  then  mixed  with 
water,  by  which  means  a  large  portion  of  the  copper  is  carried  off  in 
solution  and  precipitated ;  the  solid  matter  is  carried  into  a  second 
*  J.  Hicks,  *«  Treatment  of  Slime  Tin,"  Trans.  Min.  Inst,  and  Assoc  CacnvaU. 
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«'biiddle,"from  which  "black  tin"  is  obtained.  The  "black  tin" 
concentrates  contain  an  average  of  about  66  per  cent,  metallic  tin ; 
they  are  mixed  with  about  20  per  cent,  pulverised  coal,  and  smelted 
in  reverberatory  furnaces.  The  tin  in  the  ore  is  reduced  to  a  metallic 
state  by  this  treatment,  and  is  tapped  out  of  the  furnace  into  a  cast- 
iron  kettle,  from  which  it  is  afterwards  ladled  into  moulds ;  the  blocks 
of  metal  thus  obtained  are  known  in  commerce  as  '*pig  tin."  The 
"burning"  or  calcining  above  alluded  to  expels  the  arsenic  and 
sulphnr  carried  by  the  pyrites  which  accompany  the  tinstone.  The 
arsenic  is  collected  in  separate  receivers  (see  p.  158)  and  sold.  The 
calcining  also  affects  the  chemical  condition  of  the  copper,  and  enables 
it  by  subsequent  huddling  to  be  further  separated  from  liie  tin.  The 
product  is  again  huddled  and  stamped,  sometimes  several  times. 
The  first  water,  containing  copper  in  solution,  is  run  into  pits,  and 
the  sediment,  containing  a  large  proportion  of  copper,  is  sold.  By 
reason  of  the  chemical  changes  occurring  in  the  "  burning,"  certain 
parts  contain  tin,  chiefly  in  the  form  of  oxide,  while  the  outside  por- 
tioDS  contain  little  tin,  but  a  certain  proportion  of  copper.  So  much 
of  the  deposit  in  the  buddies  at  this  stage  as  the  workmen  think 
worthless  they  send  down  the  stream  as  waste.  A  certain  portion, 
substantially  tin  oxide  with  some  copper,  is  shovelled  out  and 
smelted.  The  residues  or  discarded  portions  are  known  as  "  leavings  " 
or  "  burnt  leavings,"  as  the  case  may  be.  They  all  carry  considerable 
metallic  value,  and  afford  a  livelihood  to  numbers  of  "  streamers," 
who  catch  more  or  less  of  the  escaping  metal  on  various  contrivances 
placed  in  the  streams  by  which  these  tailings  flow  to  the  sea,  the 
usual  harvest  of  the  streamers  amounting  to  about  17  per  cent,  on  the 
weight  of  tin  saved  in  the  mills.  Besides  this,  an  enormous  quantity 
yearly  goes  to  waste,  which  could  certainly  be  profitably  saved  bv 
more  efficient  concentrating  apparatus,  such  as  the  Linkenbacn 
huddle. 

The  wash  brought  up  in  the  Chinese  diggings  in  Perak  is 
generally  put  in  a  big  heap  and  left  to  dry  in  the  sun.  By  this 
means  a  lot  of  the  clay  becomes  friable,  and  puddling,  which  is  a 
very  expensive  process,  is  avoided.  When  all  the  wash  has  been 
brought  to  surface,  a  wooden  box  is  made,  about  30  ft.  long,  with  a 
&11  of  about  1  in  10,  according  to  the  class  of  stuff  to  be  washed. 
The  washing  is  performed  by  shovelling  the  stuff  into  the  box,  allow- 
ing a  stream  of  water  to  run  over  it,  and  agitating  it  by  means  of 
long  hoes.  The  clean  mineral  carries  66-67  per  cent,  tin,  and  goes  to 
the  furnace.  The  smelting  is  carried  on  in  a  cupola  furnace,  about 
5  ft.  diam.,  made  of  well  beaten  day  (supt)orted  with  stakes  arranged 
around  it,  and  bound  with  iron  lings),  hollowed  in  the  centre,  into 
which  the  tin  ore  and  charcoal  are  put;  the  metal  runs  out  of  an 
aperture  in  the  bottom,  and  is  caught  in  a  small  cell  made  on  the 
ground,  from  whence  it  is  ladled  into  moulds  well  prepared  in  the 
sand,  and  after  cooling,  is  ready  for  the  market.  At  the  beusk  of  the 
furnace  is  a  hole  made  for  the  admission  of  air  and  for  raking  the 
charge.  The  blast  is  furnished  by  l^and  bellows  and  a  bamboo. 
Charcoal  is  universally  used  as  fuel,  and  great  damage  is  done  to  fine 
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timber  by  the  promlBCUOns  burning  of  valuable  wood.  A  company 
recently  are  buying  a  great  deal  of  ore  firom  the  Chinese  in  Kinta, 
and  smelting  it  in  Singapore. 

The  vein  tin  rais^  in  Tasmania  is  treated  first  by  sluicing  in 
boxes  on  the  mine  to  get  rid  of  clay  and  soft  iron  oxide  and  to  get  out 
some  free  tin  ore,  and  after  this  partial  concentration,  is  sent  to  a 
reduction  mill,  where  it  is  crushed  by  stamps  and  conoentrated  on  & 
very  complete  system  of  V  classifiers,  jigs,  concave  buddies,  and  eon- 
vex  slime  tables.  The  proportion  of  slimes  is  about  33  per  cent.  The 
clean  ore  is  smelted  in  the  Mount  Bischoff  Company's  smelting  works 
in  Launceston,  in  small  reverberatory  furnaces.  Slack  coal  from 
Newcastle,  New  South  Wales,  is  used  as  fael,  and  a  little  lime  as  flnx. 
The  dressed  ore  received  for  smelting  averages  72  per  cent,  metallic 
tin,  and  the  average  yield  is  67  •  73  per  cent.,  the  smelting  loss  being 
therefore  4*27  per  cent.  The  tin  ingots  are  of  good  quality,  averaging 
99*85  per  cent,  pure  tin. 

At  Kangaroo  Flat,  Au^tralia,  the  cemented  wash-dirt  is  puddled  as 
well  as  sluiced,  at  a  cost  of  9<2.-10<2.  a  ton. 

Commerce, — The  annual  production  of  black  tin  in  ComwaU  is 
about  14,000-16,000  tons.  The  Malay  Peninsula  in  1866  exported 
6692  tons;  in  1874,  13,666  tons;  in  1883,  17,196  tons;  in  1889, 
28,492  tons,  showing  a  constant  and  steady  increase.  What  is  known 
to  the  trade  as  **  Singapore  "  tin  comes  partly  from  Perak,  partly  from 
Sungi,  Ujong,  Selangor,  Kwalla  Lumper,  Jelubu,  and  Malacca; 
"  Penan^  "  tin  is  all  from  Perak ;  what  is  known  as  "  Straits  "  tin  in 
London  is  Penang  and  Singapore  tin;  and  what  is  known  as  *'  Malacca"* 
tin  in  the  United  States  is  also  Penang  and  Singapore  tin,  specially 
branded  for  the  American  buyer,  who  is  every  year  taking  an  in- 
creasinely  large  proportion  of  the  total  shipments  (about  30  per  cent 
in  1891j.  Banca  and  Billiton  produce  about  10,000  tons  annually,  of 
which  some  7600  tons  go  to  Holland.  Tasmania  exports  3000-3500 
tons  yearly ;  Queensland,  2500-3000 ;  New  South  Wales,  apparently 
4000-6000  tons,  but  these  are  chiefly  re-shipments  of  Tasmanian  and 
Queensland  produce.  California  sometimes  affords  60-60  Ums 
Bolivia  is  a  steady  shipper  of  1600-2000  tons  a  year,  all  to  England. 

The  greatest  consumption  of  tin  is  for  making  tinplate — exoer 
ingly  thin  sheet  iron  covered  with  a  tin  coating — and  the   grea, 
development  of  this  industry  of  late  years  has  been  in  the  canned 
provision  trade.    The  market  values  of  tin,  and  therefore  of  its  ore, 
fluctuate  seriously,  if  not  suddenly,  say  from  SOI.  to  90/.  a  ton  for  pig- 
tin.     The  basis  of  valuation  of  tin  ores  is  by  chemical  assay,  the  per- 
centage of  metallic  tin  being  worked  out  as  tin  oxide  (black  tin). 
Certcdn  impurities  or  foreign  substances  detract  from  the   market 
value  of  the  sample.     Titamum  is  not  of  serious  moment.    Tungsten 
lowers  the  standard,  though,  when  a  market  can  be  found  for  the 
product,  the  ore  may  be  freed  from  tungsten  by  treating  with  Bodn 
'  sulphate,  and  washing  out  the  soda  tungstate.    Tantalum  and  niobium 
^^"0  found  as  the  minerals  columbite  and  tantalite  in  many  samples  of 
"^^^•^  ore,  and  are  injurious  by  alloying  with  and  lowering  the  quality 
*  J'e  tin  during  the  smelting.     All  impurities,  such  as  sulphur, 
s  (iron  or  copper),  arsenic,  &c.,  leiewi  to  deductions  by  the 
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smelter,  as  they  increase  the  oost  of  treatment.  At  Singapore,  the 
smelting  charges  are  5Z.  5«.  a  ton  on  ore  assaying  70  per  cent,  and 
upwards,  61.  for  65-70  per  cent.,  and  72.  for  60-65  per  cent. ;  in  addi- 
tion to  which,  deductions  are  made  of  *2-'5  unit  per  cent  of  im- 
purities,  and  further  deductions  for  smelting  losses,  viz.  2  units  on  ore 
assaying  70  per  cent,  and  over,  3  units  on  65-70  per  cent.,  4  units  on 
62-65  per  oent.,  and  5  units^  on  60-62  per  cent.,  so  that  an  impure 
and  low-grade  ore  may  suffer  as  much  as  12^  per  cent,  discount. 
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TUNGSTEN. 

The  element  tungsten  has  the  general  characteristics  of  a  mineral; 
but  it  is  also  capable  of  acting  as  a  non-metallic  element,  and  can 
form  an  acid — tungstic  acid.  It  is  in  this  r6le  that  it  is  always 
found  in  nature,  as  the  tungstic  acid  salt  of  iron,  manganese,  caldum, 
or  lead.  The  most  abundant  is  wolfram,  a  mixture  of  tungstates  of 
iron  and  manganese  in  varying  proportions.  The  tungstate  of  iron 
may  replace  the  manganese  almost  entirely,  when  the  mineral  receives 
the  name  ferberite,  or  the  manganese  may  replace  all  the  iron,  giving 
the  mineral  hiibnerite.  Besides  these,  scheelite,  the  tungstate  of 
calcium,  scheelitine,  tungstate  of  lead,  and  wolfhun  ochre,  the  an- 
hydrous acid  itself,  are  found  in  small  quantities.  In  Europe  and 
America,  wolfram  is  almost  the  only  ore  raised ;  in  New  Zealand,  the 
more  important  deposits  are  scheelite.  The  output  is  always  exceed- 
indy  uncertain.  Thus  the  production  of  wolfram  in  the  United 
Kingdom  rose  from  1  ton  in  1880  to  380  tons  in  1885,  fell  to  ^  t(Hi 
in  1889,  and  reached  140  tons  in  1891.  The  two  chief  applications  of 
tungsten  are  in  the  metallic  state  for  alloying  with  iron,  and  in  the 
state  of  soluble  tungstates  as  a  mordant  and  fire-proofing  medium  for 
textile  fabrics.  In  order  to  produce  tungsten  steel  it  is  neceeaaiy  ia 
the  first  place  to  rid  the  wolfram  of  the  impurities  which  it  contains. 
Accordingly  it  must,  in  the  first  place,  be  roasted,  then  treated  by 
dilute  acid,  and  finally  washed  with  water.  In  this  manner  the 
sulphur  and  arsenic  are  eliminated.  After  being  dried,  the  residue  is 
raised  to  a  strong  heat  in  crucibles  lined  with  damp  charcoal,  the 
tungstic  acid  is  reduced  to  the  metallic  state,  and  a  compouDd  is 
formed  containing  iron  and  manganese ;  5-25  per  cent,  is  added  to 
the  steel,  according  to  the  proportion  of  tungsten  desired. 

The  preparation  of  soluble  tungstates  and  bimultaneous  purifica- 
tion of  the  tin  ore  with  which  the  wolfram  is  associated,  is  effected  as 
follows ; — The  tin  ore  is  dressed  as  perfectly  as  possible  in  the  ordinary 
manner;  then,  having  ascertained  the  proportion  of  wolfrum  in  it, 
such  a  proportion  of  soda  ash  or  crude  soda  is  added  as  will  proride 
an  equivalent  of  soda  for  the  tungstic  acid  of  the  wolfram  present 
The  mixture  is  then  put  into  a  reverberatory  furnace  (Fig.  174),  and 
there  roasted  at  a  low  red-heat,  until  a  combination  is  effected  between 
the  tungstic  acid  and  the  soda.  The  iron  with  which  the  acid  hsd 
been  previously  in  combination  is  at  the  same  time  converted  into  a 
peroxide,  and  rendered  sufficiently  light  to  be  washed  off  wit^  facility. 
When  the  roasting  is  completed— which  may  be  known  by  the  change 
of  colour,  and  by  the  mass  assuming  a  sligntly  pasty  condition — ^t^ 
charge  is  drawn  through  a  hole  in  the  bed  of  the  furnace  into  the 
*'  wrinkle "  a  beneath.  A  fresh  charge  is  introduced  through  the 
hole  h  in  the  crown  of  the  furnace  from  the  **  dry  *'  e ;  and  as  60(hi  as 
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the  cliarge  is  spread  over  the  bed  c  the  furnace  is  shut,  the  fire  d  is 
made  up,  and  it  is  left  without  further  stirring,  until  the  surface  of 
the  charge  assumes  the  appearance  of  becoming  moist,  with  a  slight 
hissing  or  frizzling  sound.  In  the  meantime  the  charge,  while  still 
red-hot  in  the  interior,  is  removed  from  the  "  wrinkle  and  thrown 
into  a  cistern  of  water.  The  water  thus  heated  dissolves  the  soda 
tongstate ;  the  solution  is  run  off  from  a  hole  in  the  bottom,  provided 
with  a  suitable  filter,  to  prevent  the  running  out  of  the  tin  ore. 


Fio.  174. — Wolfram  Fubnaok. 

Fresh  water  is  again  run  on,  to  wash  off  the  remainder  of  the  soluble 
matters;  and  the  tin  stuff  is  then  removed  from  the  tank  to  the 
burning-house  dressing- floor  for  final  treatment.  The  strong  solution 
is  evaporated  in  iron  pans  to  the  crystallising  point,  when  it  is  drawn 
off  into  coolers.  After  a  few  days  a  crop  of  crystallised  soda  tung- 
Btate  is  obtained ;  and  the  mother  liquor  is  again  treated  in  a  similar 
manner  for  the  obtaining  of  a  further  quantity  of  crystals.  The 
washings  of  the  tin  stuff  run  off  from  the  tank  are  used  instead  of 
plain  water  for  the  lixiviation  of  fresh  charges  from  the  furnace. 
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UBANIUM. 

Though  never  found  in  large  quantities,  oraninm  is  widely  dis- 
tributed, and  forms  several  mineraJs.  The  commonest  is  pitcb-bl^de, 
a  compound  oxide,  containing  81j^  per  cent,  uranium,  4  lead,  ftiui 
\  iron,  with  oxygen  and  water,  and  sometimes  magnesia,  manganese, 
and  silica.  Usually  it  occurs  only  in  small  pockets,  as  in  Annaberg, 
in  Saxony,  but  a  distinct  vein  of  it  has  been  found  and  worked  at  the 
Union  mines,  Grainpound  Bead,  ComwalL  Uranmica,  containing 
61  per  cent,  uranium  oxide,  with  phosphorus  and  copper;  uraniniD" 
ochre,  uranocaloite,  and  trogerite,  and  even  lees  common  minenk 
The  ore  as  mined  in  Cornwall  affords  18-29  per  cent  of  the  metal, 
and  is  by  far  the  most  important  commercial  source ;  it  is  cakined, 
powdered,  dissolved,  and  precipitated ;  the  precipitate,  filtered  as^ 
dried,  goes  into  the  market  as  a  yellow  powder  of  uranium  seequi- 
oxide.  Very  small  quantities  have  been  at  intervals  produced  in  the 
Black  Hills,  South  Ehftkota.  The  chief  application  of  the  oxide  b  for 
porcelain  staining,  though  proposals  have  been  made  to  substitnte 
the  metal  for  gold  in  electro-platinff,  and  to  utilise  its  high  eleotrioal 
resistance  in  electric  lighting.  The  market  price  of  the  metal  is 
about  18«.  a  lb. 
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ZINC. 

This  useful  and  well-known  metal  occurs  in  a  variety  of  forms,  the 
most  common  being : — 

Per  cent. 
Zinc 

Zincite,  red  oxide,  ZnO containing    80 

Blende,  black  jack,  or  fphalerite,  sulphide,  ZnS „  67 

Willeroite,  silicate,  2ZnO,8iO,       „  58} 

Calamine,  hydrated  silicate.  2ZnO,8iO„H,0      „  54 

Smithsonite,  carbonate,  ZnO,GO, ..      ..      ..  „  52 

Ghristophite  and  mannatite,  ferro-zino  sulphides        ....  „  30-40 

Franklinite,  a  mixture  of  zinc,  iron,  and  manganese  oxides  „  5} 

Zinc  ores  are  very  generally  an  accompaniment  of  lead  ores,  and 
their  geological  occurrence  has  been  already  in  part  described ;  but 
some  remarkable  instances  of  lead-free  zinc  deposits  are  encountered 
in  the  United  States,  and  will  be  farther  discussed. 

The  chief  British  mine,  Minora,  near  Wrexham,  dates  from  Eoman 
times,  but  has  only  of  late  years  been  a  zinc  producer  of  any  import- 
ance, the  galena  giving  place  to  blende  as  depth  is  reached,  so  that  the 
mineral  raised  now  affords  about  1\  per  cent,  blende  and  only  \\  per 
cent,  galena.  The  deposit  occupies  a  faulted  area  varying  from  a 
knife  edge  to  18  ft.  in  thickness,  avera^ng  perhaps  6  ft.,  in  Car- 
honiferous  limestone  and  Millstone  grit,  the  gangue  being  calcite. 

The  most  important  deposits  of  Germany  are  those  of  Upper 
Silesia,  which  occur  in  the  beds  of  the  lower  **  Muschelkalk,"  and 
extend  from  Tamowitz  in  a  south-easterly  direction  through  Beuten 
to  Poland.  The  ores  consist  partlv  of  carbonate  and  silicate  of  zinc, 
with  compact  blende,  but  principally  of  zindferons  brown  ironstones, 
"  red  calamine,"  and  '*  white  calamine,"  the  white  generally  forming 
the  lower  bed  and  the  red  the  upper.  The  product  is  about  60  per 
cent,  calamine  and  40  per  cent,  blende.  In  the  Eiffel  limestones 
(Iserlohn,  Amsber^)  occur  irregular  fissures  filled  with  calamine  and 
concretions  of  blende ;  and  similar  deposits  are  found  in  the  Devonian 
limestone  of  Altenblihren,  and  in  the  magnesian  limestones  of  the 
same  age  at  Gladbach,  near  Cologne.  At  JOiepenlinchen,  near  Stol- 
berg,  this  stockwork  formation  occupies  an  area  125  yd.  by  50,  which 
is  removed  bodily  for  treatment.  The  LUderich  mine  is  on  a  shattered 
zone  in  the  Lenneschiefer  beds  (Middle  Devonian^  At  Wiesloch,  in 
Baden,  is  an  important  deposit  of  calamine  in  tne  **  Muschelkalk." 
Blende  occurs  with  the  lead  ores  of  the  Upper  Harz,  particularly  in 
the  district  of  Lautenthal,  and  in  connection  with  the  lead  and  silver 
<aree  of  Freiberg  and  with  the  lead  ores  of  the  Holzappel  group. 

At  the  New  Pierrefitte  mines,  France,  the  chief  product  is 
argentiferous  galena,  contained  in  a  granulite  gangue,  irregularly 
impregnated  with    magnetite    intermixed  with  blende;    the  very 
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fermginons  varieties  called  oliristopliite  and  marmatite  are  often 
present.  The  ore  as  mined  carries  about  20  per  cent,  blende,  20  per 
cent,  magnetite,  and  1-2  per  cent,  argentiferous  galena. 

The  Spanish  mines  of  Reocin  and  TJdias  in  Santander  and  of 
Linares  in  Temel,  produce  large  quantities  of  very  rich  calamine 
(49-64  per  cent,  metal). 

The  important  beds  at  Ammaberg,  Sweden,  exhibit  a  miztoie  of 
blende,  pyrite  and  pyrrhotite,  with  other  non-metalliferous  minerak, 
impregnating  a  kind  of  gneiss,  the  mica  of  which  is  often  replaced  by 
the  ore.  Qalena  is  not  mentioned  as  an  accompaniment,  and  is 
probably  absent,  as  the  Yieille  Montague  Co.  which  works  theie 
deposits  extensively  produces  a  remarkably  pure  zinc. 

In  India,  zinc  is  only  found  to  any  extent  in  Oodaypore,  where 
the  Jawar  mines  were  formerly  worked  on  a  large  scale,  and  yielded 
a  yearly  revenue  of  nearly  2^  lakhs  of  rupees.  At  present  no 
extensive  zinc  workings  exist  in  India,  though  possibly  the  indica- 
tions of  the  metal  at  both  Sirmur  and  Tavoy  might  yield  profitable 
results  to  scientific  development. 

The  United  States  *  possess  several  important  zinc  mining  centio, 
sometimes  in  common  with  lead  ores,  sometimes  remarkably  free 
from  lead.  At  Saucon  Yalley,  Pennsylvania,  occur  zino-blende  and 
its  oxidation  products,  calamine  and  smithsonite,  filling  innumetible 
cracks  and  fissures  in  a  disturbed  magnesian  limestone,  thougbt  to 
belong  to  the  Chazy  stage.  There  are  three  principal  mines,  tbe 
Ueberroth,  the  Hartman,  and  the  Saucon,  the  first-named  being  in 
the  portion  which  is  tilted  nearly  to  a  vertical  dip  and  is  mudi  dis- 
turbed, while  the  next  is  where  the  dip  has  gradually  decreased  to 
35^.  The  mines  are  on  a  belt  some  f  mile  long.  At  the  Uebenotb 
an  enormous  quantity  of  calamine  was  found  on  the  sorfaoe,  bat  it 
passed  in  depth  into  blende,  and  was  clearly  an  oxidation  prodnei 
In  the  others,  the  blende  came  nearer  the  surface.  The  ore  follows 
the  bedding  planes  and  the  joints  normal  to  these  throughout  a  xooe 
10-40  ft.  across,  and  fills  the  cracks.  At  the  intersections  the  largett 
masses  are  found.  Six  larger  parallel  fissures  were  especially  marked 
at  the  Ueberroth.  A  little  pyrite  occurs  with  the  Uende,  and  thiB. 
powdery  coatings  of  ^eenoclute  sometimes  appear  on  its  surface,  but  h 
is  entirely  free  from  lead,  and  a  very  high  grade  spelter  is  made  fiom  it 

At  Franklin  Furnace  and  Sterling,  New  Jersey,  is  an  enormoNra 
continuous  bed  2500  ft.  long,  8-30  ft.  wide  above,  and  swelling  tt» 
over  125  ft.  at  200  ft.  in  depth,  consisting  of  franklinite,  wiUemi^ 
and  zincite^  in  crystalline  limestone  of  Cambrian,  Lower  Silurian,  or 
Archsean  age,  according  to  different  geologists.  The  ore  bodies  are 
interbedded  in  the  limestone,  and  are  associated  with  much  magneftite. 
The  ore  consists  of  franklinite  in  black  crystals,  set  in  a  matrix  ti 
zincite,  willemite,  and  calcite.  The  richest  ore  lacks  the  calcite,  awi 
consists  of  the  other  three  in  varying  proportions.  This  beet  ore  » 
in  largest  amount  in  the  Buckwheat  mine,  beyond  the  trap  dyke 

•  F.  L.  Clew,  in  *  Mineral  ReflonrceB,'  1882,  p.  358;  Kemp,  *Ore  D^j<wt«,' 
p.  174;  W.  H.  Case,  En.  and  Min.  Jl.,  Sept  16,  1892;  E.  C.  Moxham,  do.,  Not.  '&, 
1893;  W.  P.  Blake,  «•  Zinc-ore  Deposits  of  New  Mexico,"  Trans.  Amer.  Inst.  Ife 
Engs.,  1894. 
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which  oats  it.  The  limestone  containing  the  ore  has  a  notable  per- 
oentage  of  manganese  replacing  the  calcium — 16^  per  cent.  MnCOs. 
An  explanation  of  the  cleposit  is  that  the  franklinite  bed  is  an 
**  original  manganese-zino-iron  deposit  in  limestone,  much  as  many 
Silaro-Gambrian  limonite  beds  are  seen  to-day,  and  that  in  the 
general  metamorphism  of  the  region  it  became  changed  to  its  present 
condition"  (Kemp).  The  ore  is  easily  mined  and  requires  little 
Bsleotion.  The  cost  of  mining  and  putting  it  on  rails  should  not 
exceed  the  cost  of  quarrying  an  equal  amount  of  limestone.  An 
average  sample  would  contain  about  36  per  cent,  zinc  oxide,  22  per 
cent,  metallic  iron,  and  11  per  cent  metallic  manganese.  Owing  to 
its  low  fNBTcentageof  zinc  and  high  percentage  of  iron  and  manganese, 
this  ore  is  unsuitable  for  the  manufacture  of  spelter.  The  mechanical 
separation  of  the  zinc  ore  has  been  found  impracticable  on  account  of 
the  intimate  chemical  and  mechanical  mixture  of  the  different  ingre- 
dienta  The  ore  is,  however,  particularly  adapted  for  the  manu- 
fiftotnre  of  zinc  oxide,  or  *'zinc  white,"  for  which  purpose  it  is 
exclusively  used.  The  calamine  got  at  Sterling,  bemg  lead-free, 
makes  an  excellent  spelter. 

In  the  Upper  Mississippi  lead  region  are  extensive  shallow  deposits 
of  *^ dry-bone"  (smithsonite,  or  zinc  carbonate),  some  portions  of 
which  are  very  rich,  but  these  rich  layers  are  ordinarily  only  a  few 
inches  thick.  Above  and  below  them  are  more  important  layers 
largely  contaminated  with  limestone,  too  lean  to  work  as  spelter  ores, 
and  not  amenable  to  concentration.  They  have  been  used  to  make 
sine  oxide,  and  have  given  a  yield  of  30-33  per  cent. 

The  Gagnon  vein,  near  Butte,  Montana,  exhibits  the  remarkable 
feature  of  very  large  quantities  of  rich  silver-  and  copper-bearing 
oino-blende,  some  tm>usand8  of  tons  of  which  were  mined  and  smelted, 
principally  at  Argo,  Colorado.  Smelter-returns  show  varying  con- 
tents of  shipments  as  follows : — silver,  50-200  ob.  per  ton ;  copper, 
1-42  per  cent. ;  and  zinc,  7-48^  per  cent.  The  occurrence  of  blende 
containing  so  lar^  a  percentage  of  copper  is  remarkable.  Probably, 
however,  the  varieties  which  are  so  high  in  oopper  have  undergone 
some  change,  the  oopper  being  enriched  by  the  oxidation  and  partial 
disappearance  of  the  zinc.  Very  fine  specimens  of  goslarite  (zinc 
sulphate)  are  now  to  be  found  on  the  walls  of  the  leveb  in  the  Gagnon, 
which  would  indicate  beyond  a  doubt  that  the  zinc-blende  has  been 
oxidised  to  a  large  extent.  The  same  influences  which  effected  the 
oxidation  and  removal  of  the  zinc  may  have  caused  the  disappearance 
of  a  portion  of  the  silver ;  for  as  a  rule,  in  the  lots  of  ore  smelted,  an 
increase  in  the  percentage  of  oopper  accompanies  a  corresponding 
decrease  in  BilverKM>ntents ;  and  the  presence  of  native  silver  in  very 
thin  plates  throughout  the  masses  of  the  blende  would  indicate  some 
sort  of  secondary  deposition  of  the  silver.  The  gangue  is  quartz  and 
felroar,  with  occasional  barite. 

The  liurgest  Virginian  mines  are  in  Wythe  County,  and  of  these 
the  Bertha  is  best  known.  According  to  Boyd,  there  are  in  one  sec- 
tion 486  ft.  of  strata  impregnated  with  leeA  and  zinc  in  vailing 
amounts.  Farther  east,  other  openings  of  conKiderable  promise  have 
lately  been  made  at  Bonsacks.     The  zinc  ore  bodies  are  at  times  of 
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great  size  (40  ft.  wide\  and  are  associated  with  more  or  less  of  \t^ 
minerals  and  iron  pyrites.  The  Bertha  ore,  which  is  free  from  l»d 
and  iron  (hence  its  high  value),  has  a  gangue  of  soft,  unctuous  day 
(*'  buckfat "),  somewhat  difficult  to  dissolve,  and  of  a  specific  gravity 
approaching  that  of  the  ore,  calling,  consequently,  for  careful  treat- 
ment in  separation.  The  ore  as  mined  contains  about  26  per  cent, 
zinc.  The  min  e  yields  1 2,000-1 6,000  tons  of  unwashed  ore  to  the  acre, 
and  the  ground  is  now  being  worked  over  at  the  rate  of  Sj-4  acrea 
^r  annum.  The  output  is  200  tons  a  day,  hoisted  from  17  shafts, 
with  a  working  force  of  about  300  men. 

The  zinc  deposits  of  south-western  New  Mexioo  occur  in  a  region 
of  palsBOzoic  (probably  Lower  Carboniferous  and  older)  limestones, 
resting  on  granite  (containing  much  epidote),  and  both  tiuversed  by 
intrusive  porphyry  dykes.     The  zinc  ores  comprise  the  carbonate 
(smithsonite),  with  some  calamine,  and  were  at  first  quarried  at  the 
surface,  and  then  followed  downward  in  irregular  pits  and  cave-Kke 
•  excavations,  in  some  instances  to  a  depth  of  60  ft.  or  more.     The  ore 
occurs  in  irregularly  concentric  crusts  or  layers,  or  in  caverDons 
masses  made  up  of  small  layers  or  concretionary  sheets  of  pure  carbo- 
nate ore,  sometimes  in  close  association  with  aggregations  kA  small 
quartz  crystals,  the  presence  of  which  reduces  the  percentage  of  zinc 
— and,  consequently,  the  commercial  value — so  much  as  to  prevent 
profitable  shipment.    The  best  carbonate  ores,  assayed  by  the  ctr 
load,  contain  35-38  per  cent,  metallic  zinc    The  excavations  upcm 
these  carbonate  ores  show  that  they  occupy  cavernous  spaoee  in  the 
limestone  strata,  and  irregular  openings  between  the  beds,  gradually 
thinning  out  to  mere  seams.     Doubtless  they  originally  existed  as 
sulphide,  which  occurs  abundantly  in  the  same  region ;  it  is  the  dark 
reddish-brown  variety,  rich  in  zinc  and  free  from  arsenic  and  anti- 
mony.    It  does  not  appear  to  be  highly  ar^ntiferous,  and  is  an 
excellent  ore  for  making  spelter.     It  is  granular  massive,  and  exkts 
in  beds  sometimes  20  ft.  or  more  thick.     It  is  usually  intermingled 
with  iron  pyrites  in  grains  and  bodies  of  irregular  shape  disp^wd 
through  tne  mass.     The  deposits  are  generally  lenticular,  and  are 
classed  by  Blake  as  "  contact  deposits,  or  segregations  following  tiie 
dykes  or  the  planes  of  metamorphism."     The  blende  is  cloeely  assod- 
ated  with  a  garnet  rock  (grossularite)  and  with  actinolite,  and  Blake 
remarks  that  this  *'  remarkable  association  of  large  beds'of  zino-l^ende 
with  pyrite,  hematite,  actinolite  and  grossularite  in  lenticular  layers, 
and  in  disseminated  particles  in  the  substance  of  the  actinolite  and 
the  garnet  rock,  forming  great  contact  aggregations  or  segr^ated 
beds  in  limestone,  appears  to  be  unique."     The  associations  are  also 
highly  detrimental,   for  the  garnet  is  so  heavy  that  it  cannot  be 
mechanically  separated  from  one  portion  of  the  blende,  and  the  pyrite 
mixed  with  the  other  portion  impairs  its  value  for  either  spelter  osr 
oxide,  until  transportation  facilities  permit  of  dressing  by  steam 
power.     Smithsonite  carrying  35  per  cent,  zinc  and  upwarcU  is  profit- 
ably disposed  of  at  4/.  a  ton. 

Treaimeni, — The  first  operation  with  all  zinc  ores  is  a  process  of 
dressing,  to  separate  the  zinciferous  portions  from  the  plumbifercwss 
or  the  ferriferous,  as  the  case  may  be. 
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An  example  whicli  well  illnstrates  the  mode  of  procedure  in  the 

former  case  is  aflforded  by  tlie  Ltiderich  dressing  floors  of  the  Vieill^ 

Montagne  Co.      Here  the  veinstnff,  as  it  comes  from  the  mine,  is 

diyided  into  fine  and  rough.     The  former  is  at  once  washed,  cru^ed, 

sized  and  jigged.     The  latter  ^oes  first  to  the  breaker.    An  ordinary 

arrangement  of  trommels  divides  the  stnff  into  classes  according  td 

size  (3*7,  5*2,  7*2,  and  10  mm.),  and  each  size  eoes  to  a  separate  jig 

which  divides  into:   {a\  galena,  (6)  mixed  galena  and  blende,  (c) 

blende,  (d)  mixed  blenae  and  waste,  (a)  waste.     The  sand  is  lifted 

by  a  centrifugal  pnmp  to  a  system  of  pointed  boxes^  and  is  herd 

divided  into  6  different  sizes  of  grain,  clean  water  being  supplied. 

Each  size  is  conducted  to  a  Harz  jig  in  which  a  similar  separation  to 

that  already  mentioned  takes  place.    The  overflow  from  the  pointed 

boxcB  carries  the  slimes  to  a  set  of  2  pyramidal  boxes,  and  the  two 

sizes  of  deposited  slimes  are  treated  separately  on  revolving  convex 

tables.-    These  tables  are  14  ft.  diam.  have  an  inclination  of  1  in  12, 

and  revolve  twice  in  6  minutes.     The  waste  sand  is  piled  near  the 

works,  and  the  fine  slimes  are  filtered,  the  waste  water  escaping  in  a 

remarkably  clear  condition.    The  dressing  operation  requires  a  supply 

of  9  cub.  m.  of  water  per  minute.     This  is  pumped  a  short  distance 

by  steam  power.    The  engine  driving  the  whole  of  the  machinery  is 

60  h.p. ;   the  steam  pressure  is  6  atmos.,  and  90-95  tons  veinstuff  are 

treated  daily,  this  quantity  producing  on  an  average  28  metric  tons 

of  blende  a  day.    The  galena  produced  is  about  20  tons  a  month. 

The  ore  may  be  classed  into  \  lump,  \  grain  and  \  fine.    Selection  is 

carefully   carried  on  underground,  tne  deads  being  systematically 

employed  for  filling.    The  veinstuff  is  brought  from  the  mine  by  an 

inclined  railway,  the  daily  quantity  being  50  tons,  exclusive  of 

"smalls." 

Quite  a  different  method  is  required  at  theNewPierrefitte*  works, 
vrhere  iron  is  the  principal  ingredient  to  be  eliminated.  The  ores 
x>ntain  blende  intermixed  with  magnetite,  which  occurs  minutely 
disseminated  through  the  blende  and  accessory  galena,  and  gangue. 
rhe  intermixture  is  very  irregular,  ma^etite  aggregates  varying 
^m  minute  quantities  to  such  a  proportion  as  to  form  a  practically 
nassive  mineral.  The  formation  also  contains  small  quantities  of 
nagnetic  pyrites.  Very  ferruginous  varieties  of  blende,  as  christo- 
)hite  and  marmatite,  are  also  present.  On  the  average,  the  ore  may  be 
aken  to  contain  20  per  cent,  blende,  20  per  cent,  magnetite,  and  1-2  per 
«nt.  argentiferous  galena,  the  remainder  being  gangue.  When  the 
>lende  is  massive,  dressing  is  a  simple  and  easy  process,  the  magnetite 
>eing  in  very  small  proportion,  and  chiefly  with  the  gangue,  so  that  jigs 
nd  buddies  readily  afford  a  product  carrying  46  per  cent,  metallic  zinc. 
Jut  when  the  blende  is  less  massive,  there  is  invariablv  more  magne- 
ite  present,  both  in  gangue  and  ore.  The  blende  itself  is  also  more 
Brmginous  in  composition,  and  consequently  contains  less  metallic 
inc,  and  the  above  operations  become  no  longer  possible.  To  treat 
his  latter  class  of  ore,  and  the  middlings  and  bye-products  from  the 
jrmcr  operations,  the  fwociiw  operandi  is  to   crush  the  ore  to  the 

*  H.  L.  Lawrence,  "  Dressing  of  Zinc-blende  Ores  and  Magnetite  at  the  New 
ierrefitto  Mines,"  Trans.  Inst  Min.  and  Met,  iii.  92. 
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required  size,  classify,  treat  the  coarser  classes  on  jigs,  and  tlie  sKmes 
on  onddles  or  tables.  The  jigs  can  be  made  to  ^oeld :— ^1)  mixed 
salena  and  magnetite,  which  present  no  difficulty  in  final  cleausmg; 
(2)  mixed  magnetite  and  blende,  which  can  be  magnetically  separat^ 
giying-— (a)  pure  blende  for  market,  (b)  magnetite,  (e)  middlings, 
consi^ing  of  particles  of  mixed  blende  and  magnetite;  also  lU 
magnetic  pyrites  which  is  not  magnetic  enough  to  pass  with  the 
magnetite.  The  buddies  yield  in  the  first  waging  :y--(i)  he^iingi 
consisting  of  galena,  blende,  and  magnetite ;  (e)  tailings  consisting 
of  waste.  The  headings  (d)  can  now  be  ms^etically  separated,  and 
the  final  freeing  of  galena  from  blende  can  be  effecSted  on  Bittinger 
tables  or  other  appliances. 

Comparing  tiie  two  methods  of  dressing  before  magnetic  treatment 
and  magnetic  treatment  before  dressing,  the  former  has  tiie  adyantage, 
as  the  valuable  galena  is  freed  from  uie  blende  at  the  outset,  and  no 
re-cmshing  of  these  two  minerals  together  is  necessary,  thus  avoiding 
the  tedious  and  offcen  wasteful  operation  of  treating  their  slimei 
Further,  the  middle  product  is  minimised  in  quantity  and  confined 
to  the  very  poor,  almost  unprofitable,  ore,  consisting  of  highly  fernt- 
nnous  blende  and  magnetic  pyrites.  The  magnetic  separator,  having 
less  bulk  to  treat,  can  be  regulated  and  adjusted  to  requiremoita  of 
each  class  of  ore,  which  can  be  passed  in  rotation  as  demanded.  On 
this  principle,  the  works  were  erected. 

The  ore  is  dumped  on  to  a  platform,  and  fed  to  a  pair  of  Ooniish 
rolls  fitted  with  Baff  wheeL  The  main  sizing  screen  is  wire-wove, 
and  has  4  holes  to  the  inch.  A  bucket  elevator  carries  the  pulp  to 
8  classifying  trommels,  the  first  of  Cornish  gauge.  No.  17 ;  the  second. 
No.  28 ;  the  third.  No.  36.  A  Spitz^erinne  divides  out  a  fourth  dasB, 
and  4  4-hutched  Oreen's  jiggers  are  arranged  to  receive  and  treat  tiie 
classified  pulp.  The  overflowing  slimes  pass  on  to  2  Spitzkasten,  and 
are  separately  treated  on  2  Bittinger  revolving  continuous  buddies. 
The  waste  is  here  extracted,  and  the  headings  are  magneticallj 
treated,  the  final  separation  of  galena  and  blende  taking  place  on  2 
Bittinger  percussion  tables. 

The  firat  hutches  of  all  4  jigs  catch  all  pure  galena,  and  all  galena 
mixed  with  magnetite.  The  second  hutches  deliver  a  mixed  product 
of  galena,  blende,  and  magnetite.  This  is  re-jigged  on  the  auxiHaiy 
machines,  which  are  of  exactly  similar  pattern  to  the  others.  Here 
the  last  remnants  of  ealena  are  freed  from  the  remaining  pulp,  whidi 
consists  of  blende  and  magnetite.  Noe.  3  and  4  hutches  give  Uende 
and  magnetite,  with  most  of  the  magnetic  pyrites,  a  proporticm  of 
which  passes  over  with  the  tails.  The  first  or  galena  {mxlucts,  both 
from  main  and  auxiliary  jigs,  are  passed  on  to  the  ordinary  fine  roller 
house,  where  they  are  cleansed  in  conjunction  with  the  jig- middlings 
from  the  main  lead-dressing  floors.  The  blende  products  (Nos.  3  and  4 
hutches)  from  main  and  auxiliary  jigs,  consist,  for  the  most  part,  of 
homogeneous  grains  of  magnetite  and  blende.  There  is,  however,  a 
certain  proportion  of  stuff  ohieflv  coming  from  the  coaisest  jigger 
composed  of  grains  which  are  a  mixture  of  blende  and  magnetite. 

To  separate  the  pure  blende  from  the  magnetite,  and  prevent  the 
grains  of  mixed  blende  from  passing  into  the  latter,  the  Sauter-Harlr 
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[Paris)  magnetio  separator  (Fig.  171)  is  used,  as  it  allows  of  making 
I  middle  product,  so  necessary  to  the  snccess  of  the  operation,  by 
partitioning  off  at  a  h.  The  magnets  are  soffidentiv  strong  to  develop 
\  manietio  force  corresponding  to  1680  watts.  The  catc£-board  and 
Hviaon  were  added  at  the  mines,  after  careful  experiment  as  to  their 
positicm  and  size.  This  machine  has  a  capacity  of  20-^0  tons  mineral 
n  12  honrs,  and  costs  17(M.  The  feed  has  to  be  reg^nlated  according 
io  size  of  ore,  nicety  of  work  required,  and  proportion  of  magnetite 
to  other  ingredients.  This  separator  works  on  dry  ores  only.  The 
^et  products  from  the  jigs  are  taken  to  sloping  platforms  ontside  the 
Imilding,  to  allow  excess  of  moisture  to  orain  off,  and  thence  they 
3888  to  drying  floors.  These  consist  of  a  double  series  of  brick  flues, 
Ach  with  an  ordinary  brick  furnace,  and  covered  by  cast-iron  plates 
\  in.  thick.    The  dry  ore  passes  to  two  separators,  one  of  900  watts 


Fig.  175.— Maghbtio  Sbpabatob. 

eing  sufficienilv  powerful  for  treating  the  fines.  The  number  of 
erolutions  of  the  drum  best  adapted  for  good  work  has  been  found 
»  be  56  per  minute.  The  feed  can  be  regulated  by  opening  or  shutting 
be  hopper  door  c.  Coarser  stuff  requires  slower  feed.  The  apron  d  is 
dvanced  when  magnetite  is  abundant,  and  pulled  back  when  there  is 
ass.  The  proportion  of  blende  to  magnetite  and  middlings  varies  with 
be  ore,  but  usually  50  per  cent,  of  marketable  (97  per  cent.)  blend^  is 
btained,  assaying  48*6  per  cent,  metallic  zinc,  and  containing  2  per 
mt.  magnetic  matter,  and  1  per  cent,  pyrites  and  gangue,  at  a  cost, 
deluding  coal  and  repairs,  of  about  5«.  per  ton  of  crude  ore.  If  no 
middlings  "  are  made,  it  is  impossible  to  get  Uie  blende  above  40  per 
ent  metallic  zinc,  without  great  losses,  and  smelters  do  not  care  to 
iiy  below  45  per  cent.  The  middlings  are  a  non-marketable  article 
i  present  prices,  though  they  carry  25-27  per  cent.  zinc. 

Certain  Spanish  ores,*  consisting  mainly  of  ferruginous  calamine, 
nd  earthy  or  calcareous  brown  hematite,  which  it  is  impossible  to 


*  A.  I3.  Colliiu. 
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separate  by  hand  picking  ordresung-,  are  crushed  and  roasted  in 
reverberatory  furnaces  with  an  admixture  of  coal,  by  which  means 
tbe  hematite  is  reduced  to  magnetic  oxide  of  iron.  On  suhseqiient 
treatment  by  magnetic  separators,  it  is  found  that  this  artifici&l 
magnetite  is  easily  separated,  and  saleable  zinc  ore  is  left  behind. 
The  expense  of  roasting  must  be  considerable,  but  as  the  calamine 
ore  is  always  roasted  in  any  case  before  export,  to  lower  the  freight 
charges,  it  is  not  so  great  as  it  seems. 

Iq  Wisconsin,  Blake  dresses  a  mixture  of  blende  and  pyrites 
parrying  20  per  cent,  blende,  and  gets  a  60  per  cent,  product,  1^  Terr 
careful  oxidation  of  the  pyrites  without  altering  the  character  of  the 
blende  and  galena,  which  he  achieves  by  calcination  in  presence  of 
abundant  unbumed  hot  air,  using  Siemens  regenerators. 

At  the  Bertha  works,  Virginia,*  the  dumping  or  storage  bins  for 
receiving  the  calamine  as  it  comes  from  the  mines  are  provided  witk 
a  water-carriage  system.     The  bins  consist  of  timbered  trestles  buii: 
out  from  a  hillside  and  provided  with  V-shaped  floors,  down  the  centre 
of  which  passes  the  water-trough.     The  ore,  having  been  dumped,  i* 
fed  regularly  into  the  water-trough,  and  is  carried  by  a  current  0: 
water  down  to  the  dressing-house  1300  ft.  below.     The  trougb  cf 
"  flumes  "  are  12  in.  wide  and  6  in.  deep,  made  of  cast  iron.    Tk 
water  required  is  pumped  up  from  the  river  by  heavy  Worthingtfs 
pumps,  through  a  6-in.  column  pipe,  to  a  large  tank  on  the  hilltop, 
whence  it  runs  into  the  flumes.    The  zinc  ore  brought  down  theflnBK 
falls  upon  a  "grizzly"  (through  which  the  large  lumps  are  broketi 
and  passes  into  a  single,  revolving  log- washer,  which  gives  it  a  gentk 
primary  sluicing,  and  where  the  adhering  clay  and  "buckfefars 
separated  and  djjBSolved.     The  lumps  are  then  crushed  by  a  BUfe 
breaker  and  a  pair  of  Cornish  rolls,  after  which  the  ore  is  sized  byi 
conical,  perforated  revolving  screen ;  the  large  pieces  drop  npra » 
steel-plate  conveyor,  where  they  are  hand-picked,  while  the  smalk: 
pass  down  to  4  sets  of  Parsons  jigs,  on  which  they  are  thoroogiLy 
concentrated.     The  tailings  from  the  above  treatment  pass  throng  1 
spitzkasten  or  classifier,  and  thence  to  2  Harz  jigs.     The  slimes  ftf 
discharged  into  a  slime  pond,  whence  the  muddy  water  is  drained  of 
into  the  river.     The  capacity  of  the  dressing-house  is  80  tons  oon«o- 
trated  zinc  ore  per  day  of  10  hours.     The  yield  is  approximately  ow 
third  of  the  crude  ore  treated,  and  the  product  erives  the  foUowiic 
average  analysis  when  drii 
cent;   zinc  oxide  (ZnO\  A 
cent. ;  oxides  of  iron  and  al 
combined  water,  8  •  23  per  o 
cent.;  magnesium  carbonai 
For  drying  the  concentrate 
dressing-house,  containing  a 
revolving  roaster  30  ft.  lon( 
the  smelting  works. 

Calcination  of  calamine 
flat^bedded  reverberatories, 
p.  157)  have  replaced  the 
»  E. 
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tout,'  The  ore  pa^es  through  in  abbut  4  hours, and  loses  some  28  per 
cent,  by  weight,  each  furnace  yielding  about  12  tons  calcined  ore  per 
24  hours.  The  8  Oxlands,  costing  9752.,  turn  out  36  tons  daily,  as 
against  5  reverberatories,  costing  10002.,  32-33  tons,  and  the  difference 
in  working  cost  per  ton  of  output  is:  (a)  Reverberatory— wages, 
1«.  9|d.;  fuel,  3«.  lid.;  tools  and  sundries,  4(i. ;  repairs  and  general 
charges,  SJd. ;  total,  6«.  9id. ;  (6)  Oxland— wages,  8<l. ;  fuel,  3#.  2|(l. ; 
tools  and  sundries,  2|{2. ;  repairs  and  general  charges,  8d.;  total, 
4«.  9jd,  The  fuel  used  is  a  mixture  of  c^  and  lignite.  The  Oxland 
consumes  15*11  per  cent,  less  fuel  than  the  reverberatory,  but  this  is 
reduced  to  12*41  per  cent,  by  that  required  for  generating  motive 
power. 

At  Monteponi,  Sardinia,  the  Ferraris  furnace  is  used.  This  is  a 
gravitating  calciner,  similar  in  principle  to  that  of  Moser,  used  for 
calcining  small  spathic  ore  at  Eisenerz,  in  Styria.  It  has  a  bed  about 
38J  ft.  long  and  6^  ft.  broad,  indined  upwards  from  the  fireplace  to 
the  flue  at  a  slope  of  about  1  in  3^.  The  furnace  is  heated  by  a  gas- 
producer  burning  lignite  on  a, step-grate,  and  having  an  a{r-heating 
flue  round  the  fireplace.  Two  similar  beds  are  imited  in  one  block, 
and  have  a  gas-producer  and  stack  in  common,  the  heat  being  regu- 
lated by  dampers  in  the  flues,  which  direct  the  flame  from  one  bed  to 
the  othet  as  required.  The  ore,  fed  into  the  furnace  through  a  hopper 
into  a  short  vertical  shaft  at  the  upper  end  of  the  bed,  forms  a  conical 
talus,  which  is  gradually  driven  down  the  slope  as  fresh  material  is 
added  above,  and  falls  over  the  slope  at  the  bottom  into  a  receiving- 
chamber,  whence  it  is  drawn  at  intervals  of  about  4  hours.  The  ore 
remains  in  the  furnace  25-30  hours ;  the  yield  is  20-21  tons  in  24 
hours,  with  a  loss  in  calcination  of  about  25  per  cent.  Using  lignite 
carrying  12 J  per  cent,  ash,  costing  15«.  lOd.  a  ton,  the  working 
expenses  are — wages,  1«.  9i<J.;  fuel,  2«.  9^^.;  repairs,  2^4.;  total, 
4«.  9W. 

The  fume  from  blende  roasting  contains  sulphates  of  zinc  and 
iron.  At  the  works  on  the  Ehine  it  is  usually  leached  in  water  and 
the  solution  treated  with  lime,  precipitating  the  zinc  as  hydroxide ; 
but  the  precipitation  is  only  partial,  and  the  lime  is  very  destructive 
to  the  furnaces.  Another  method,  invented  by  Dr.  G.  Krause-Cothen,* 
consists  in  precipitating  by  sodium  carbonate,  producing  an  artificial 
calamine  carrying  45-50  per  cent.  zinc.  Leaching  is  done  hot,  and 
sodium  carbonate  is  added  in  excess ;  the  mixture  is  filtered,  and  the 
filtrate  contains,  besides  the  zinc  and  iron  carbonates,  some  glauber- 
salt,  which  is  recovered  by  treatment  with  sulphuric  acid  and  evapo- 
ration. Operations  on  1000  kilo,  fame,  containing  11  per  cent,  zinq 
and  2  per  cent,  iron  (both  as  sulphates)  gave  200-250  Hlo.  calamine, 
carrying  45-50  per  cent,  zinc,  and  260  kilo,  anhydrous  glauber-salt, 
which  covers  the  cost  of  the  190-200  kilo,  sodium  carbonate  used. 

The  dissociation  of  the  zinc  from  its  ores  is  effected  by  distillation 

in  fireclay  vessels  in  presence  of  carbon,  followed  by  condensation  out 

of  the  reach  of  oxidising  agents.     The  dimensions  of  ^he  distilling 

'  vessels  are  restricted  within  very  narrow  limits  by  the  pature  of 

^  refractory  materials  and  the  thickness  of  the  charge  through  which 

♦  Berg.  u.  Hiitt  55tU.,  1801,  p.  2IG. 
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the  neoeesary  heat  to  effect  redaction  can  be  economically  tnuiCTiittad; 
the  operations  to  which  the  ore  and  products  must  be  sobmitted  are 
numerons,  and  the  repeated  handling  of  them  cannot  be  aTotded. 
The  recent  improvements  in  practice  have  not  been  the  malts  of 
changes  in  the  form  of  the  furnaces  so  much  as  the  applicalkm  of 
regenerative  gas  heating  instead  of  direct  firing,  leading  to  a  saviag 
of  fnel,  an  economy  of  labour,  a  prolonged  life  for  the  retorts,  and  an 
augmented  yield  of  metal. 

The  zinc  ores  smelted  at  Freiberg  are  black  blendes,  eontaiiiiiig 
an  average  of  35  per  cent,  zinc,  30  per  cent,  sulphur,  and  4-5  per 
cent.  lead.  They  are  arsenical,  and  very  fermgiDOUs.  They  are  foii 
calcined  in  kilns,  to  utilise  the  sulphur,  and  again  roasted  in  rever- 
beratory  furnaces  with  double  stages  until  they  contain  no  more  than 
1  per  cent,  sulphur.  Thev  are  then  distilled  by  the  Silesian  prooees 
in  furnaces,  each  of  which  contains  32  muffles,  heated  by  gas  on  the 
Siemens  regenerative  principle.  The  charge  of  each  muffle  is  100  Ih. 
CHlcined  blende ;  the  distillation  of  this  quantity  lasts  24  hours,  and 
produces  32  lb.  zinc ;  50  lb.  coal  and  5-6  cub.  ft.  wood  are  conimmed 
as  fuel  to  each  muffle.  The  muffles  last  about  6  weeks.  The  product 
is  ultimately  refined  by  fusion  in  a  reverberatory  furnace. 

The  Boetius  zinc  famace  *  has  2  gas  generators,  the  gases  travers- 
ing half  the  length  of  the  furnace,  then  passing  down  a  channel,  uid 
thence  into  the  flues  between  the  muffles.  The  air  necessary  to  com- 
bustion is  obtained  partly  directly  into  the  gas  shaft,  and  in  part 
through  passages  in  the  walls  of  the  furnace.  Thus  the  gases  are 
partly  burned  in  the  upper  portion  of  the  generator,  but  mainly  m 
the  furnace  itself,  by  means  of  air  channels  which  are  fitted  at  UMir 
iulet  with  regulatins  screws,  so  that  the  furnace  temperature  may  be 
under  perfect  control.  The  heat  is  thus  evenly  distributed,  and  ^ 
muffles  are  therefore  not  destroyed  so  frequently.  To  carry  off  the 
fumes,  which  are  so  annoying  to  the  workmen,  a  flue  passes  along  the 
top  of  the  furnace  connected  with  the  hood  of  each  pair  of  muffles.  At 
the  Lipine  works,  Silesia,  a  movable  iron  hood  connected  with  an  iron 
flue  passing  Just  through  the  roof  serves  the  same  purpoeOk  but  is 
useless  when  the  wind  is  high  and  causes  a  down  draugnt.  Glased 
muffles  have  been  used  at  some  works,  but  the  ordinary  fonn  is 
generally  adopted.  These  cost  4«.-5«.  apiece,  with  an  average  life  of 
32  days.  Dagner*s  condenser  |  has  been  tried  at  several  works  in 
Silesia,  but  the  yield  of  metal  does  not  appear  to  have  been  finally 
increased,  though  more  oxide  is  obtained.  The  originally  increased 
yield  gradually  became  less  as  the  condensers  became  older  and 
cracked,  until  at  last  it  was  but  little  greater  than  by  the  previous 
method.  One  advantage  of  this  system  lies  in  the  £EM)t  tnat  tke 
nozzles  need  not  be  removed  in  order  to  ladle  the  zina  Cylindrical 
upright  nozzles,  as  at  the  Hohenlohe  works,  collect  a  larger  portioii  of 
the  dust  and  oxide  than  those  generally  used,  and  when  employed  in 
conjunction  with  Dagner's  condenser,  no  zinc  flame  appears  at  the 
orifice,  and  the  gases  pass  out  through  a  conical  nozzle  on  the  sidto 
nearest  to  the  furnace,  and  thus  are  far  removed  from  the  workmuL 


♦  K.  F.  Fobr,  Berg.  u.  Hutt.  Zeit.,  1883-4. 
t  Ding.  Polyt.  Jl.,  236,  486. 
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A  flap-TalT6  at  the  bottom  of  the  nozzle  allows  ihe  zino-dast  to  be 
remoYed. 

The  Bertha  smelting  works,  yirginia,  oonsist  of  10  lar^  Welsh- 
Belgian  fomaoesy  having  140  retorts  or  pots  each.  Eacm  furnace 
oQ&sistB  of  a  large  skeleton  combustion  chamber  with  iron  pi^eon- 
lide  front)  into  which  are  set  the  retorts.  The  latter  are  4  ft.  lon^, 
and  have  an  inside  measurement  of  8  by  10  in.,  being  elliptioal  in 
■eotion.  They  are  luted  into  the  furnace  with  ordinary  day.  The 
retorts  are  made  of  selected  fireclay,  capable  of  making  a  tenacious 
paste,  which  can  be  formed  into  the  desired  shapes  without  pulling 
apart  and  cracking.  It  must  also  be  absolutely  fireproof,  so  that  the 
retorts  will  not  weaken  or  break  when  resting  upon  their  extreme 
ends  in  the  furnace  at  a  white  heat.  The  following  is  an  analysis  of 
two  days,  Na  1  being  found  slightly  the  better  because  more  elastic, 
and  be«rase  it  will  bend  slightly  before  breaking,  at  a  very  high 
degree  of  heat: — 

No.  1.  Na  a. 

8illfla(oombined)      £*^0  40*56 

Alumina      81*53  35*90 

Combined  rndsture 11*30  12*80 

Titanic  acid  (TiO,)    ..      1*50  1*30 

Free  riliea  (quartz) 12*70  6*40 

Pota8ti(K^O)     -40  '28 

Soda(Na,0>      none  *16 

Ifon  aeaqniozide  (Fe,0,) 1*92  1*10 

HygroBOopio  moifltnre       2*50  1*50 

The  cost  of  one  retort,  dried  and  ready  for  use,  is  in  the  neigh- 
bourhood of  4#. 

The  calcined  ore,  mixed  with  the  proper  proportion  of  anthracite 
soal,  is  chained  into  these  retorts,  and  a  short  clay  condenser  is  set 
in  the  mouth  of  each  and  luted  with  clay.  Then  tne  furnace  is  fired 
from  below,  the  flames  circulating  around  and  between  the  pots, 
saofiing  the  reduction  of  the  zinc  ore  by  the  combination  of  the 
sa  rbon  of  the  coal  with  the  oxygen  of  the  ore.  At  first,  a  bright  blue 
F^iine  bums  at  the  mouth  of  each  condenser ;  but  when  the  furnace 
diarge  reaches  a  bright  red  heat,  say  1900^  F.,  metallic  zinc  is 
wlatilised,  and  bums  at  the  mouth  of  the  condenser  with  a  brilliant 
;reenish-white  flame.  Conical  iron  pipes  are  then  placed  over  the 
condensers,  in  order  to  assist  the  condensation  of  the  metal,  which 
lepoeits  inside  the  pipe  in  the  form  of  metallic  zinc.  At  stated 
ntervals  the  pipes  are  removed,  and  the  molten  metal  is  scraped  out 
if  the  condensers  into  ladles,  firom  which  it  is  poured  into  moulds, 
brming  slabs  of  commercial  spelter.  This  is  continued  until  the 
ximace  has  been  worked  off  and  all  the  metal  is  extracted  from  the 
»re,  which  takes  24  hours,  when  the  pipes  and  condensers  are  removed, 
be  residue  is  scraped  out  of  the  retorts,  and  the  furnace  is  recharged 
vith  ore.  Of  the  metallic  contents  of  the  ore  80  per  cent,  is  usually 
obtained,  the  remaining  20  per  cent  being  lost  by  volatilisation, 
^bwnrption  b^  the  retorts,  or  left  in  the  residue.  The  ordinary  charge 
y&t  furnace  is  8500  lb.  ore  and  6000  lb.  coal  per  day  of  24  hours,  and 
he  average  yield  of  metal  is  1950-2000  lb. ;  thus  the  output  of  the 
)lant  is  300-^15  tons  per  month.    The  fuel  used  to  fire  the  furnaces 
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is  Pocahontas  ooal,  whioh  gives  a  very  long  flame,  necessary  to  retch 
the  higher  rows  of  retorts  in  the  ^maoe,  and  has  the  following 
analysis:  Fixed  oarbon,  74-27  per  cent.;  volatile  matter,  10-52 per 
cent. ;  ash,  6*94  per  cent.  For  mixture  with  the  ore  in  the  fomaoe, 
another  coal  is  used,  semi-anthracite  in  character,  and  having  the 
following  composition :  Fixed  carbon,  62 -72  percent.;  volatile  matter, 
10*62  per  cent.;  sulphur,  1'43  per  cent.;  ash,  25*33  per  cent 
Although  so  high  in  ash,  the  ooal  serves  its  purpose  aamirablj. 
Both  white  and  coloured  labour  is  used  in  the  smelting  works,  the 
latter  being  found  quite  advantageous ;  5  men  are  required  to  each 
furnace,  and  they  work  24-hour  sUfts.  The  cost  of  smelting  a  ton  of 
ore  is,  approximately :  Furnace  labour,  140. ;  yard  labpur,  7cl. ;  retorts, 
3«.  6(2.;  Pocahontas  coal,  9«.  3J.;  mixing  coal,  3i.  8d.;  all  other 
expenses,  1%.  4i2. ;  total,  38«.  4d.  ner  ton.  As  metallic  zinc  has  a 
strong  affinity  for  iron,  no  iron  tool  or  vessel  is  allowed  to  oome  inl 
contact  with  the  zinc  in  its  molten  condition. 

Becent  experiments*  on  direct  production  of  zinc  in  the  bUitJ 
furnace  by  separating  the  metallic  zinc  from  the  fumaoe  gases  by 
means  of  a  centrifugal  machine,  would  indicate  that  the  ordinal^ 
prooefe  .of  zinc-smelting  might  be  modified  as  follows : — (a)  Caref 
roasting  of  the  ore,  whether  calamine  or  blende,  to  convert  it 
nearly  as  possible  into  oxide ;  (6)  mixing  the  zinc  oxide  with  3  tii 
its  weight  of  bituminous  coal  and  .5  per  cent,  of  lime,  and  coking 
giving  a  material  with  22  •  7  per  cent,  srinc,  partly  in  metallic  form 
(c)  burning  the  zinc  coke  by  hot  blast  in  a  dosed  top  furnace,  having 
a  flue  at  the  top  connected  with  a  centrifugal  machine ;  the  volatilise^ 
zinc  carried  off  by  the  gases  is  collected  in  the  flues  and  in  the  ~ 
of  the  centrifugal;  the  cleaned  gases  are  utilised  as  fuel;  (d)  sul 
jecting  the  zinc  dust  to  a  pressure  of  about  1500  lb.  per  sq.  in.,  whi< 
reduces  it  to  about  10  per  cent,  of  its  original  bulk,  making  it  per] 
fecily  compact ;   {e)  distilling  the  compressed  zinc  dust  in  retoi 
without  addition  of  carbon,  when  about  66  per  cent,  metallic  anc 
great  purity  is  obtained.    Lead  and  silver,  if  present,  remain  in  t 
fixed  residue.     This  operation  requires  much  less  fuel  for  heati 
than  the  ordinary  method  of  reducmg,  as  the  material  in  the  retoi 
being  practically  metallic  zinc,  is  a  good  conductor  of  heat  as  ooz 
pared  with  the  mixture  of  zinc  oxide  and  carbon.     Probably  moi 
complete  reduction  might    be   obtained    electrolytically,  as  low< 
tension  current  would  be  required,  the  material  being  kurgely  in  th^ 
metallic  state. 

GomuMTce, — The  world's  annual  production  of  zinc  is  about  300,000- 
350,000  tons.  Of  this  quantity,  Belgium  affords  130,000-140,000  tons 
Silesia,  80,000-90,000 ;  United  States,  50,000-60,000 ;  Great  Britain 
20,000-30,000  ;  France  and  Spain,  15,000-20,000 ;  Austria,  4000-7000 
Poland,  3000-4000.  The  output  of  zinc  ores  mined  in  the  Unites 
Kingdom  is  about  25,000  tons  yearly.  Germany's  total  production  o 
zinc  ores  in  1891  was  793,442  tons,  all  but  about  1000  tons  of  whid 
was  raised  in  Prussia ;  Upper  Silesia  in  1890  had  35  mines  working 
which  yielded  635,538  tons,  in  the  proportions  of  about  59  per  cem 
calamine  and  41  per  cent,  blende.  The  total  zinc  ore  afifcurded  b; 
*  W.  Hcmpel,  Berg.  u.  Hutt  Zoit,  1894. 
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Spanish  rnmes  was  55,817  tons  in  1891  and  50,100  tons  in  1892 ;  one 
enterprise,  the  Beal  Compania  Asturiana,  turned  out  over  27,000  tons 
calcined  calamine  in  1891,  and  oyer  24,000  tons  in  1892,  from  the 
rich  mines  of  Beooin  and  TTdias.  About  ^  of  all  the  spelter  produced 
in  Belgium  is  made  by  the  Yieille  Montaene  Co. 

The  market  value  of  spelter  (pig  zinc)  is  liable  to  fluctuation,  and 
may  be  said  to  range  between  17/.  and  25/.  a  ton.  Brands  such  as 
the  Bertha,  containing  99  *  98  per  cent,  pure  zinc,  are  worth  something 
more  than  current  prices.  Almost  aJl  zinc  ores  carry  some  lead, 
perhaps  -01  per  cent.,  which  is  a  drawback,  and  in  any  appreciable 
quantity  will  render  a  zinc  ore  unsaleable.  Further,  antimony, 
arsenic,  cadmium,  copper,  and  iron  hinder  the  roasting  of  the  blende, 
cause  loss  in  the  subsequent  distillation  of  the  oxide,  and,  together 
with  sulphur,  lower  the  value  of  the  metal  produced,  rendering  it 
unfit  for  some  of  its  most  extended  applications,  e.  g.  fine  brass  and 
lithographic  plates.  Comparison  of  the  two  ores  blende  and  calamine 
gives  the  latter  a  preference  for  the  smelter  because  it  is  less  costly 
to  work  and  more  readily  gives  up  its  metal,  besides  assisting  to 
liberate  the  metal  from  blende  when  mixed  with  it  in  the  charge ; 
but  as  it  carries  less  metal  per  ton,  it  reduces  the  output  of  the  fur-* 
nace,  and  its  low  specific  gravity  makes  it  more  difficult  to  dress 
clean,  besides  which  it  cannot  beu:  so  much  cost  for  transportation. 
The  smelter  in  buying  blende  or  calamine,  bases  his  estimate  of  the 
value  to  him  in  the  following  manner.  From  the  market  price  of 
spelter,  say  22/.  a  ton,  he  deducts  6/.  a  ton  as  the  cost  of  smelting, 
reducing  the  value  to  161.  Then,  from  the  zinc  contents  of  the  ore  by 
»88ay,  say  45  per  cent.,  he  deducts  15  per  cent,  for  blende  or  10  per 
cent,  for  calamine,  as  being  the  probable  loss  in  slag,  fume,  &C.,  so 
that  he  has  80  per  cent,  or  35  per  cent,  metal  which  he  can  reckon  on 
recovering.  Finally,  the  market  value  of  the  zinc  product  of  the 
ore  is  arrived  at  by  a  rule-of-three  sum,  e.  g. — 

^  ^^T.  ^  worth  16/.  a  ton,  then  ^^^^  is  worth  4/.  16«.,  or 
lUOp.c.  '  oOp.c. 

60  p.  o. 

The  smelter  therefore  offers  as  much  less  than  the  96*.  or  112ir.  a 
ton  as  will  give  him  the  profit  he  desires.  A  very  impure  ore  will 
suffer  a  greater  loss  than  15  per  cent,  in  slags,  <&c.,  and  is  therefore 
not  in  demand ;  anything  less  than  45  per  cent,  is  undesirable,  and 
under  40  per  cent,  may  bo  unmarketable  at  any  price. 
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Acids  deoompodng  rooks,  2 
Adits,  81 

Adobe  silver  Airnaoe,  611 
Aetial  ropeways,  118, 575 

-  tramways,  491 
AgaUte,384 

Air  ooirents,  resiiCaiioe  to,  60 

^  in  mines,  59 

—-motors,^ 

^  supply  nnder  pressure,  62 

Airways,  conditions,  61 

Akron  cement  fot  buddies,  610 

Aibertite,  167 

Alkali  mnd  cement  184 

Alkaline  waten,  352 

Allen  fnmaoe,  440 

Allnvial  diamonds,  238 

Almaden,  563 

Alum,  153 

-rock,  153 

-  shale,  153 

-  stone,  153 
%liiminite,  387 
ilnmininm,  387 

-  aUoys,  397 

-  by  deotiolysis,  389 
-ooet,395 

-  from  alumina,  894 

-  from  bauxite,  389 
~  from  cryolite,  392 

-  fomaoee,  389,  392 

-  in  lead  purifying,  548 

-  mannfitoture,  3^3 
•CKre0,387 

-  properties,  396 

.  nmelting,  38^  392 
Jonogen,  387 
jnalgamaiion,  lime  in,  608 

-  manganese  in,  608 

-  flilver,  601 
mber,  155 
jiunonite,45 
nelesite,  515 
nhydrite,  819 
ntimonite,  899 
Dtimon^,  899 

•  American,  401 


Antimony,  auriferous,  399 
^-  extraction,  401 

—  flux,  404 

—  ftmie,  405 

—  furnaces,  402-406 

—  geology,  399,  400 

—  in  igneous  rooks,  2 

—  industry,  407 

—  ingots,  packing,  406 

—  lodes,  400 

—  ores,  399 
dressing,  401 

—  Portuguese,  399 

—  refining,  404 

—  smelting.  402-406 

—  starring,  402 

—  yield,  405 
Apatite,  305 
Aigentite,  590 
Aigillaceous  iron  ore,  487 
Arkansas  stones,  371 
Arrastres,  482,  604 
Arsenic,  156 

—  calcining,  157 

—  commerce,  161 

—  condensing,  158 

—  in  igneous  rocks,  2 

—  in  pyrites,  323 

—  kettle,  160 

—  refining,  160 

Arsenical  copper  refining,  460 
Asbestos,  163 

—  AiHcan,  165 

—  American,  165 

—  Oanadian,'  163 

—  commerce^  166 

—  composition,  166 

—  dressing,  164 

—  grading,  164 

—  Italian,  164 

—  mining,  163 

—  Russian,  165 
Asbolane,  411 
Asphalt,  167 

—  American,  171 

—  Cuban,  178 

—  Mexican,  173 
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Asphalt,  purifying,  173 
Astrakamte,  819 
Atmospherio  pressure,  61 
ADuabergite,  572 
AugUBtine  process,  613 
Aoriferons  samples,  testing,  7 
Austin  pyritio  smelting,  444 
Azurite,  415 

Bailit'b  pomps,  76 

Balbaoh  nimace,  547 

Baling  tanks,  72 

Ball  mUls,  131 

Banddoom,  239 

Banket,  476 

Barite,309 

Bu7teB,809 

Barrel  amalgamation,  silver,  603 

—  quartz,  474 

Base  ores,  sampling,  8 
Batt8,371 
Bauxite,  326,  388 

—  American,  887 

—  French,  387 

—  geology,  388 

—  Irish,  888 

—  purification,  388 

—  value,  388 

Bertha  dressing  works,  646 

—  zinc,  641 
Bessemer  iron,  509 
Beasermerising  copper,  449 

—  nickel  matte,  578 
Betters  smelting  process,  444 
Bilharz  concentration,  149 
Biotite,  265 

Bischofite,  319 
Bismuth,  408 

—  geology,  408 

—  sources,  408 

—  treatment,  408 
Bismutite,  408 
Bits,  drUl,  84 
Bitumeu,  167 

—  with  mercury,  564 
Black  band,  487 

—  brush  ore.  487 
Blackjack,  639 
Blaoklead,  249 

Blake  breaker,  121, 122 

—  multiple  crushers,  500 
Blanc  fixe,  309 

Blast  furnace,  Castilian,  536 
zinc,  650 

—  furnaces,  508 
Blasting,  43,  361 

—  disasters,  46,  47 

—  explosives,  43 

—  firing,  47 

—  ineflScient,  47 

—  leverage,  46 

—  tamping,  46 

—  wetigc*  replacing,  50 


Bleichert  ropeways,  118,  491 
Blende,  639 

—  separating  firom  iron,  505 
Blister,  smelting  to,  447 
Block  ore.  497 

Blomers,  59,  63 
Blue  billy,  462 

—  peaoh,632 

BoStius  zinc  ftimaoe,  648 

Bogore,487 

Boiler  reefs,  469 

Boiling  soda  nitrate,  347 

Bole,  310 

Boliohe,  533 

B<nraoio  aoid,  174, 177 

Boradte,319 

Borax,  174 

—  American,  175 

—  refining,  174, 175 

—  Thibet,  174 
Bordeaux  phosphate,  295 
Boring  pe^leum  wellS)  278 
Bomite,415 

Boronatrooalcite,  174, 177 
Bort,233 

Boss  process,  608 
Bottoms,  459 
Brauuite,  556 
Brea,167 
Breakers,  121 
Breeze,  214, 215 
Brick  clay,  185 
Bricking  fines,  447 
Brimstone,  22,  323 
Brine,  333 
Briquettes,  207,  212 
Broken  Hill,  590,  519 

timbering,  87 

Bromine,  179 
Brown  furnace,  440 
Brown's  sinking  system,  51 
Broza,592 

guia,  592 

Briickner  roaster,  439 

Brunton  caloiner,  157 

Brush  mountain  stooe,  371 

Brushite,  296 

Bryan  mill,  130 

Buchanan  magnetic  separator,  501 

Buckets,  72,  642 

Buddies,  145,  523,  524,  526 

—  Akrom  cement  for,  610 

—  for  pan  tailings,  609 
Buhr8,370 
Buhrstone  ore,  497 
Building  stone,  357  * 
Bull  dog,  509 
Bnmsted*8  fan,  64 

Oaohhoha,  347 
Cadmium,  518 
Caj^s,  109 
Calamine,  639 
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Calcarelle,  876 
Calcarone,  376 
GftlciniDg,  air  for,  612 

—  arsenic,  157 

—  baoxite,  388 

—  black  band,  506,  507 

—  cement,  181,183 
-cobalt,  314,  316,  412 

—  copper  ore  fines,  447 

ores,  431 

-ooet,647 

—  gyp8mn,253 

—  in  clamps,  506 

—  iron  ore,  505,  506,  507 

—  lead  ores,  531 

—  lime,  261 

—  manganese  ore,  560 

—  mercury  ores,  665 

—  nickel  ore,  576 

—  paint  ore,  313 

—  refractory  substances,  332 

—  ajlyer  ores,  602 

—  snlphnr,  376 

—  tin  stone,  632 

—  zinc  ores,  645,  646  [381 
i^alciam  chloride  extniction  of  sulphur, 
^aleras,  531 

)aliohe,  347 

^mpanil  iron  ore,  489 

Canada  phosphate,  305 

^ppagh  brown,  317  r382 

'arbon  bisulphide  extraction  of  sulphur, 

^bonaoeous  matter  in  gold  veins,  470 

^bonado,  243 

arbonio  add  in  gold  quartz,  478 

arinthian  reverberatory,  530 

amallite,  319 

arolina  phosphate,  297 

irtridgeR,  43 

—  water,  49 
lacajo,  595 
issiterite,  622 

white.  624 
i&tilian  blast  furnace,  536 
fcstner  sodium  process,  619 
italan  process,  509 
.wk,309 
.zo  process,  604 
ment,  180 
artificial,  182 
auriferous,  milling,  482 
clays,  180 
kilns,  181, 182 
lime  mud,  184 
rocks,  181 
rarRyrite,  590 
riaine,  289 
rossite,  515 
aJcocite,  415 
aloopyrite,  415 
niokeliferous,  572,  573 
Uk,261 
ftpopote,  173 


Charging  furnaces,  569,  570 
Charley  Forester  stones,  371 
Chateaugay  iron  ore  dressing,  499 
Cherokite,  518 
Chili  mUl,  129 

—  saltpetre,  346 
China  clay,  187 
Chloridising  roast,  603 
Chocolat,  575 
Christophite,  639 
Chrome  iron,  326,  583 

—  ore,  409 

cost,  410 

treatment,  410 

value,  409 

Chromium,  409 

—  by  electrolysis,  410 

—  geology,  409 

—  uses,  410 
Chromite,  409 
Chrysooolla,  415 
ChrysotUe.  163 
Cinnabar,  563 
Clamp  bricks,  186 

—  calcining,  506 

Clarkson-Stan field  concentrator,  151 
Classifying,  133 

Clausthalite,  588 
Clav,  185 

—  fireproof,  for  zinc  retorts,  649 

—  ironstone,  487 

—  tamping,  47 
Clays,  cement,  180 
Clinker,  cement,  183 
Coal,  191 

—  analyses,  191 

—  beds,  working,  99 

—  brasses,  322 

—  breaking,  203,  207 

—  cleaning,  200 

—  conveyors,  112 

—  cutting,  196 

—  dumps,  111 

—  gum,  207 

—  heating  value,  192, 225 

—  ji«8,204 

—  measure  iron,  487 

—  output  per  miner,  196 

—  production,  195 

—  river  transfers,  112 

—  sizing,  201, 209 

—  spontaneous  ignition,  194 
Coalfield,  pumping  plant  for,  73 
Cobalt,  411 

—  extraction,  412 

—  geology.  411 

—  industry,  414 

—  ores,  411 

—  pigment,  314 

—  pyrites,  527 

—  sources,  411,  412 

—  with  silver,  610 
Cobbing,  499 
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Ck)cialioo  stone,  371 
Gookermeg,  101 
Goke,  191,  214 

—  bye-prodoots,  217 

—  oommerce,  217 

—  ovens,  215 
Oole's  croBher,  122 
OoUuib'b  smelting  proceas,  446 
Cooling  mines,  61 
Oolnmbite,  6ai 
Oompressed  air,  29 
Compressors,  30 
Comstook,  2,  601 

Concave  buddle,  147 
Conoentrating,  133 

—  brine,  339 
Concentration,  cost,  125 

—  dry,  150 

—  iron  ores,  498 

—  lead  ores,  521 

—  Liihrig  vanners,  524 

—  magnetio,  149,  500 

—  platinum,  586 

—  rotary  tables,  523 

—  Salzburg  tables,  524 

—  silver  ores,  607 
Condensing  arsenic,  158 
~  fumes,  550,  647,  648 

—  mercury  fumes,  567,  570 
Conkling  magnetio  separator,  502 
Conyerters,  copper,  450 

—  relining,  451 
Convex  buddle,  145 
Conveyors,  coal,  112 
Copper,  415 

—  American,  420 

—  and  nickel,  sejMurating,  578 

—  arsenical,  refining,  460 

—  assays,  463 

—  Arizona,  423 

—  barilla,  417 

—  beesemerising,  449 

—  Bolivian,  416 

—  bottoms,  459 

—  bye-products,  462 

—  Cfalifomian,  428 

—  cementation,  434 
cost,  435,  436 

—  Chilian,  417 

—  commerce,  462 

—  concentrating  precious  metals  in,  609 

—  converters,  450 
construction,  455 

—  converting,  cost,  455 

—  cost  of  production,  421,  422 

—  dissolving,  433 

—  fines,  roasting,  447 

—  from  mine  waters,  431 

—  geology,  416 

—  Gtorman,  417 

—  in  oonglomeraies,  415 

—  in  eruptive  rocks,  422 

—  in  felsite,  423 


Copper  in  igneous  rocks,  2 

—  in  sandstone,  417 

—  in  wash,  427 

—  Indian,  418 

—  kernel  roastiDg,  438 

—  kiln  roasting,  499 

—  lake,  420 

—  Hanafeld,  418 

—  matto  roasting,  437 
smelting,  cost,  444 

—  mining,  425 

—  Montana,  422 

—  Nova  Sootian,  418 

—  ore,  dousting,  429 

dressing,  428 

lake  mills,  429 

stamps,  430 

treatment,  421 

—  ores,  415 

bumfaig,  431,  436 

chemiiMd  oxidation,  432 

oxidation,  431 

—  Persian,  419 

—  precipitating,  434 

—  refinrag,  460 

—  remeldUig  furnace,  .449 

—  returning  charges,  434 

—  sampling,  463 

—  Scandinavian,  419 

—  schists,  415,  418 

—  slag  pots,  462 
--  smelting,  222, 496 

cost,  446,  447 

in  Tninsvaal,  444 

low  grade  ores,  446 

to  blister,  447 

to  matte,  442 

with  naphtha  residoca,  447 

—  sources,  415 

—  Spanish,  419 

—  spent  solutions,  434 
~  stall  roasting,  438 

—  Swansea  method  of  smelting,  447 

—  valuing,  463 

—  washing  out  soluble  salts,  43S 

—  wet  extraction,  431 

—  with  zinc,  641 
Coprolites,  292 

Corduri^'s  desilverising  prooeff.  Mi 
Cornish  jig,  138 

—  rolls,  125 

—  tin,  622 
Corundum,  218, 387 

—  drim5  J 
Cowle*s  process  fbr  alumioiimi,  SS9 
Crawford  mill,  131 
Croelius  drill,  4 
Crookesite,  588 
Crosswork  on  thick  veins,  8S 
Crucibles,  cobalt,  315 
Crushers,  121 
Crushing,  cost,  125 

I  —  iron  ore,  500 
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Cryolite,  mining,  389 

-_  pzeparine,  389 

Cumberknd  iron  ore,  490 

Cnpdling  lead,  542 

Caprite,415 

Curly  ore,  599  \ 

Catdng  mica,  267 

-peat,  271 

—  slate,  369 
-talo,385 
Cyclope  mill,  131 

Dagnxb'b  zinc  condenser,  648 

Davey's  sinking  system,  51 

DayiB-CJolby  furnace,  504,  507 

Dayis'a  safety  commutator,  29 

Deads,  83 

Dedxe  electric  plant,  26 

Denaby  pnmp,  76  ,.     .    „     .rw. 

Dephoepnorising  iron  mechanically,  499 

Desalpnnrising  iron  ores,  507 

Developing  an  oro  body,  10 

Dhooali,350 

Diallogite,  556 

Diamond,  232 

—  drilling,  cost,  5 
-drill8,3 
Diaspoxe,387 
Diatomite,  255 
Distilling  zinc,  647 
Dodge  onisher,  121 
Doetsoh  process,  482 
Dolomite,  261, 326, 358 
DoDglaaite,  319 
Doppione,  380 
Donating,  429 
Draining  Hiines,  71,  625 
Dredging  phosphate,  303 
Dreanng,133 

—  antimony  ores,  401 

—  asbestos,  164 

—  coal,  200 

—  cobalt  ores,  412 

—  copper  ore,  428 

^  diamond  earth,  285 

—  foUers*  earth,  230 

—  gamierite,  679 

—  iron  ores,  498 

—  lead  ores,  521 

—  manganese  ore,  561 

—  mica,  266  , 

—  nickeliferons  pyrrhotite,  576 

—  phosphate,  300 

—  tin,  631 

—  zinc  ores,  643 
Driers  for  ore,  613 
Drilling,  33, 361 

—  by  oil  engine,  24 

—  diamond,  cost,  5 

—  petrolenm  wells,  278 

—  pneumatic,  29 
Drills,  34 

—  diamond,  3 


Drills,  nmniog,  35 

Drives,  81 

Droppers,  473 

Drums,  winding,  108 

Dry-bone,  641 

Dry  concentration,  150 

Drying  fuller's  earth,  230 

—  furnaces,  213 

—  peat,  272 

—  phosphate,  302 
Dunite,583 
Duni)s,  coal,  111 
Dust  in  mines,  64 
Dynamite,  43 

Eabth  wax,  289 

Edison  magnetic  separator,  503 

Ejectors,  71 

Silaterite,  167 

Electric  cables,  80 

—  firing,  47 

—  installation,  26 

—  lamps,  65 

—  motors  for  fiery  mines,  28 

—  plant,  cost,  28 

—  power,  25 

—  pumping,  79 

—  wires,  joints,  49 
Electrolyns,  aluminium,  389, 392 

—  chromium,  410 

—  lesd,  548 

—  zinc,  555,  650 
Elephant  stamps,  128 
Elvan  courses,  622 
Emerald,  243 
Emery,  218 

—  drills,  5 

Emmens  nickel  process,  581 

Enargite,  415 

Endless  chain  haulage,  104 

Endlioh  silyer  process,  610 

Esopus  stone,  371 

Estremadura  phosphate,  296 

Eucairite,  588 

Evaporation,  solar,  340,  345,  350 

Exploring  ore  bodies,  10 

Explosives,  43 

Fans,  59,  63 

Faults,  2 

Fauvel's  fiimace,  439 

Felcpar,  223 

Ferberite,  636 

Ferro-nickel  process,  580 

Fettiing,  509 

Fiery  beds,  ventilating,  63 

—  miues,  electric  motors  for,  28 

Finding  mineral  deposits,  1 

Fines,  roasting,  447 

Fireclay,  188 

Fireproof  clay  for  retorts,  649 

Fire-setting,  219,  244 

Firing  blasts^  47 

Fissures,  2 

2  U 
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FiBBure  ▼eins,  8 

Flach's  dedWerimng  proceas,  547 

Flagstone  ore,  497 

Flats,  518 

Flintsbire  fomaoe,  528 

Florida  phosphate,  298 

Flue  dust,  550 

Fluorspar,  221 

Flux,  lead  smelting,  539 

Fluxes,  221 

—  manganese,  610 
Fond's  process,  004 
Forest  of  Dean  iron  ore,  490 
Fossil  meal,  255 

Foster's  caloarone,  378 
Francke's  tina  process,  607 
Franklinite,  639 
Freiberg  lead  furnaces,  530 

—  process,  silver,  603 
French  chalk,  384 
Friction  exploderi,  48 
Frongoch  classifier,  142 

—  jig.  139 

—  skip,  110 
First  drift,  479 
Fuel,  225 

—  p^aseous,  612 

—  m  cement  burning,  184 

—  lead  smelting,  539 
^  yaluing,  192,  225 
Fullers'  earth,  230 
Fumes,  condensing,  647,  648 
Furnace,  house  floor,  578 

—  pipes,  tar  in,  613 

—  well,  578 

—  wrinkle,  636 

Furnaces,  aluminium,  389,  392 

—  American  reverberatory,  535 

—  antimonj,  402,  406 

—  arsenic,  157 

—  at  great  eleyations,  611 

—  BJbaoh,  547 

—  blast,  508 

—  briauette,  213 

—  Cannthian  reverberatory,  530 

—  Gastilian  blast,  536 

—  cement,  181, 182 

—  charging,  569,  570 

—  cobalt,  315,  316 

—  coke,  215 

—  copper  remelting,  449 

—  distillation,  648 

—  Freiberg,  530 

—  French  reverberatory,  531 

—  gaseous  fuel  for,  612 

—  gypsum,  254 

—  iron  calcining,  506,  507 

—  iron  ore,  504 

—  Jumbo,  552 

—  lead  cupelling,  542 

American,  543 

ore  hearth,  407,  533 

reverberatory,  528 


Furnaces,  lime,  261 
for  platinum,  587 

—  linings,  326,  407 

—  manganese  ore,  560 

—  mechanical  rabbling.  440 

—  mercury  ore,  565 

—  Mexican  homo  osstellano,  535 
serpenton,  529 

—  Moffet.  552 

—  paint  ore,  313 

—  Pllx,537 

—  platinum,  586 

—  Raschette,  537 

—  refractories,  332 

—  relining,  451 

—  Rio  Tinto,  444 

—  revolving^  439 

—  shelf,  439 

—  sUver,  601,  612 
adobe,  611 

—  Spanish  boUche,  533 

—  Swansea  reverberatory  smelting,  447 

—  tapping,  452,578 

—  tin,  633 

—  using  naphtha  residues,  447 

—  water-jacket,  445,  537 

—  wolfram,  686 

—  zinc,  646 
Fuses,  electric,  48 

Galena,  515 
Gamierite,  572 

—  cost  of  nickel  oxide  from,  582 

—  dressing,  579 

—  smelting,  579 
Gas  in  mines,  61 

—  natural,  273 
Gaseous  fuel,  225,  612 
Gates  crusher,  122 
Gems,  232 
Gersdorfflte,  572 
Gibbsite,  387 
Gilsonite,  167 

Glacial  drift,  auriferous,  480 

platinum  in,  585 

sinking  through,  55 

Cnanberite,  319 
Globe  mill,  131 
Gold,  African,  476 

—  American,  478 

—  in  antimony,  399 

—  Australian,*  465 

—  Austrian,  473 

—  Califomian,  478 

—  Canadian,  479 

—  carbonaceous  matter  with,  470 

—  cement,  milling,  482 

—  geology,  465 

—  German,  475 

—  Indian,  475 

—  in  glacial  drift,  480 

—  in  granite,  466 

—  in  hematite,  465 
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Gold  in  igneooB  rooks,  2 

—  in  aandfltone,  466,  479 

—  in  BombB,  468 

—  in  whin,  473 

—  Mount  Morgan,  465 

—  Nova  Scotian,  473 

—  quarts,  carbonic  acid  in,  478 

—  placer  mining,  480 

—  production,  fe 

~  samples,  testing,  7 

—  veins,  characters,  465 

in  depth,  467 

droppers,  473 

indicators,  473 

—  with  palladium,  586 
~  with  platinum,  585 

—  with  rhodium,  586 
Goslarite,  641 
Orahamite,  167 
Granza,569 
Granzita,569 

—  fumaoe,  570 
Graphite,  249 
Gratings,  132 

Gravel,  milling  in  arrastras,  482 

—  sinldng  through,  55 
Gravity  hoist,  105 
Greenockite,  640 
Green  stnfE;  632 
Gre]sen,630 
Grinding,  121 

—  faces,  durability,  132 

—  mica,  268 

—  salt,  343 

—  smalts,  316 
Grindstones,  371 
Grits,  370 
Grossnlarite,  642 
Guadalcazarite,  563, 565 
Guanos,  307 

Owynne's  stratum  tester,  480 
Gypsum,  253 

Hall  aluminium  process,  392 
Uand  drilling,  S3 

—  power  diamond  drill,  4 
Hard  ore-body,  working  on,  93 
Haulage,  electric,  26 
Hauling,  103 

—  underground,  104 
Heap  roasting,  431,  436,  531 

nickel  ore,  576 

silver  ore,  611 

Heat  in  mines,  59 

—  of  slag,  utilising,  549 

—  waste  hi  smoke,  227 
Heating  value  of  coals,  192,  225 
Hematite,  487 

—  gold  In,  466 
Henderson  process,  432 
Heroult  aluminium  furnace,  392 
Herrenschmidfs  cobalt  process,  413 
Herresboff  furnace,  577 


Hindostan  stones,  371 
Hodgson's  wire  ropeway,  491 
HofSian  magnetic  separator,  504 
Hoftnann  lixiviation,  617 
Hoisting,  103, 105,  569 
Hollway  copper  process,  449 
Hones,  371 
Horn  silver,  590 
Homo  castellano,  535 
Howell  white  roaster,  439 
HUbnerite,  636 
Hughes  furnace,  569 
Hunt  conveyor,  118 
Hunt-Douglas  process,  432 
Hunter's  long  drill,  40 
Huntingdon  mill,  130 
Husbaihl  stamps,  127 
Hutches,  103 
Hutching,  134 
Hydraulic  oements,  180 

—  eiectors,  71 
Hydraulicing  platinum,  585 

—  tin,  626 
Hypo,  613 
Hyposulphites,  618 

loNBOUB  sources  of  metals,  2 
Illuminating,  65 
Incline,  self-acting,  104 
Infusorial  earthy  255 
Ingersoll  compressors,  30 

—  drills,  37 

IngersoU-Sergeant  drills,  364 
lomne,  257 

Iridium,  485,  583 

—  fusing,  486 

—  pen  points,  485 

—  properties,  485 

—  removing  from  platinum,  586 

—  sources,  485 

—  vrith  gold  dust,  485 
Iridosmine,  485 
Iron,  487 

—  afiBnity  for  zinc,  650 

—  American,  492 

--  blast  furnaces,  509 

—  British,  488 

—  bve-products,  513 

—  Cfatalan  process,  509 

—  Cleveland,  488 

—  costs,  511,  512 

—  Cuban,  497 

—  Cumberland,  488 

—  dephosphorising,  499 

—  desulphurising,  507 

—  Elba,  492 

—  geology,  492 

—  gold  with,  465 

—  in  antimony  smelting,  402 

—  in  igneous  rooks,  487 

—  labour  in  producing,  510 

—  Lake  Superior,  493 

—  Lancashire,  488 

2  a  2 


Digitized  by 


Google 


66o 


ECONOMIC  MINING. 


Iron,  LinoolnBbire,  488 

—  magnetic  oonoentration,  500 

—  malleable,  509 

—  Mesabi,  494 

—  Minouri,  496 

—  New  Jersey,  496 

—  New  York,  496 

—  Northamptonshiie,  488 

—  016,487 

alominoos,  dreesing,  498 

oonoentration,  498 

desolphnrising,  504 

dreasmg  at  CoAteaugay,  499 

dry  screening,  498 

imparities,  ^17 

lias,  488 

mining,  491 

produced  per  miner,  488 

polverising,  504 

roasting,  498,  505,  506,  507 

separating  from  blende,  505 

sorting,  499 

transporting,  491 

Talaee,  511 

waste,  concentrating,  802 

—  ontpnts,  510 

—  pig,  508 

—  production,  512,  513 

—  puddling,  509 

—  separating  from  dnc,  643 

—  slags,  513 

—  smelting,  221,  508 

—  Spanish,  489 

—  Staffordshire,  488 

—  Swedish,  492 

—  wrought  508 

Jaoutinga,  586 

Jade,  244 

Jeflfrey  coal-cutter,  198 

—  drills,  87 
Jet,  259 
Jigging,  134 

—  coal,  204 

—  diamonds,  236 

—  iron  ore,  500 

—  lead  ores,  522,  523 
Ji^  138,  430 
Jomts,  2 

—  in  electric  wires,  49 
Joly  process,  432 
Jordan's  mill,  131 
Jumbo  furnace,  552 
Jumpers,  33 

Kainitb,  319 
Eaolin,187 
Kermeeite,  399 
Kernel  roasting,  438 
Kieselguhr,  255 
Kiesente.  319 
Eillas,  622 
Kilns,  M0  Furnaces 
Kiss  process,  613 


Knee  joint,  101 
Knotten-sandstein,  516 
Knox  furnace,  568 
Knox-Osborne  furnace,  569 
Koipe  winding,  106 
Krause-Gothen  fume  prooeH,  647 
Krom  rolls,  125 
Krugite,819 
Kupfersohiefer,  418 

Lakb  copper,  420 

—  ore,  487 
Lamps,  65 

Lancaster  crusher,  122 
Land  plaster,  253 
Lapis-lazuli,  245 
Laurite,586 
Layadero,  605 
Laying  out  mines,  12 
Leaching  tanks,  616 

—  zinc  frune,  647 
Lead,  515 

—  American,  517 

—  Australian,  519 

—  Balbaoh  furnace,  547 

—  Bonne  Terre,  517 

—  British,  515 

—  Broken  Hill,  519 

—  carrying  silver,  521 

—  Gastiliaa  blast  fiimaoe,  536 

—  Oolorado,  518 

—  Oorduri^s  desUverising  process,  547 

—  Oomish  frimaoe,  529 

—  crystallising,  544 

—  oupelUng,  542 

—  desilvering,  542 
oost,5& 

—  electrolysis,  548 

—  Flach*s  dedlverising  process,  547 

—  Flintshire  furnace,  528 

—  flue  dust,  550 

—  fluxes,  calculating,  540 

—  French,  515 

—  fume,  550 

—  furnace  l^e-produotB,  549 

—  geology,  515 

—  German,  516 

—  Idaho,  519 

—  in  ifrneous  rocks,  2 

—  Indian,  517 

—  jumbo  furnace,  552 

—  Laveissi^re  paocees,  544 

—  Lewis- Bartlett  process,  552 

—  liquating,  542 

—  Marseilles  process,  544 

—  matte,  550 

—  Missouri,  517, 518 

—  ore,  515 

dressing  at  Arranyes,  525 

at  fionne  Terre,  526 

^  at  Olausthal,  521 

at  Laurenberg,  523 

at  Sentein,  526 
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Lead  ore  dressing  at  Werlan,  524 

mill^  two  story,  527 

hearth.  533,  407 

impurities,  521 

simple  washing,  521 

Talueing,  541 

—  oxidisinff,  542 

—  Parkes  dedWeridng  prooess,  546 

—  Pamell  process,  554 

—  Pattinson  process,  544 

—  poQiinff,  550 

—  prepanng  smelting  mixture,  539 

—  puniVing,  542 

-^  reTeroeratorr  smelting,  528 

—  Boasler-Rdelmann  process,  548 

—  8chnahel*s  desilyenttng  process,  547 
-slag,  550 

forming,  540 

remel&g,  550 

—  smelting,  528 
charges,  542 

constitution  of  slag,  540 

cost,  539 

flux,  539 

fuel,  539 

—  softening,  542 

—  sources,  515 

—  Spanish,  516 

—  speiss,  M9 

—  Utah,  519 

—  water-jacket  tonaoes,  537 

—  West  process,  554 

—  Wisconsin,  518 

—  with  nickeliferous  pynte,  517 

—  zinc  desilverisation,  545 
Lead-zinc  ores,  treating,  551 
Leakage,  sur&ce,  80 
Lebrbacbite,  588 

Levels,  82 

Leverage  in  blasting,  46 

Levigating,  187,  230,  309, 818 

Lewis-Bartlett  lead  process,  552 

Lewising,  361 

Lighting,  65 

—  cost,  69 

—  installation,  cost,  69 
Lignite  briquettes,  212 
Lime,  261,  326 

—  furnace  for  platinum,  587 

—  in  amalgamation,  608 

—  in  lead  smelting,  532 

—  mud  cement,  184 
Limestone,  ferriferous,  497 
Limestones,  358 

Linings,  furnace,  326,  451,  459,  509,  539 
Linkenbaoh  huddle,  147,  526 
Liquid  fuel,  225 
LiTingstonite,  565 
Lixiviating  saltpetre,  847,  350 
Lixiviation  operations,  615 

—  plant,  615 

—  nWer,  612 

—  tanks,  616 


Lixiviation  troughs,  617 
Lodes,  see  Veins 
Long  wall  working,  99 
Longnudd  process,  432 
Loose  gpround,  sinking  in,  55 
Lot  pluwphate,  295 
Liiderich  dressing  floors,  643 
Liihriff  Tanner,  143,  524 
Lune<ule  turbines,  19 

MAGFABLAinB  uickcl  prooess,  580 
Bfaofiulanite,  411 
Maggie,  230 
Magistral,  605 
Magnesia,  326 
Mfl^nesite,  310, 826 
Magnetic  concentration,  149 
cost,  502 

—  firing,  47 

—  separation,  500 

iron  from  zinc,  643 

nickel,  580 

Magnetite,  487 
Malachite,  415 
Maldonite,  408 

Maletra  cobalt  process,  412 
Malm,  186 
Maltha,  167 
Manganese,  556 

—  imerican,  435,  558 

—  Australian,  435,  560 

—  Bosnian)  562 

—  British,  435.  556 

—  Caucasian,  435,  557 

—  Chilian.  435,  559 

—  commerce,  561 

—  Cuban,  435,  559 

—  Dutch,  562 

—  flux  for  silver,  610 

—  fouling  mercury,  608 

—  French,  435,  556 

—  Ghreekj562 

—  impunties,  561 

—  Indian,  435,  557 

—  Italian,  562 

—  Japanese,  435,  557 

—  New  Brunswick,  435,  559 

—  New  Zeahmd,  435,  560 

—  Nova  Scotia,  435,  559 

—  ore,  556 

dressing,  561 

roasting,  560 

treatment,  560 

washing.  431, 559 

—  Portuguese,  562 

—  Spanish,  435,  557 

—  statistics,  562 

—  Swedish,  435,  557 

—  Turkish,  562 

—  value,  561 

—  with  silver,  608 
Manganite,  556 

Mantes  copper  process,  449 
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Marble,  859 

Mannatite,  689 

ManieilleB  deeilTeriaing  pioooflB,  544 

Matte,  lead,  550 

—  f)ot8,462 

—  roasting,  487 

—  smelting  oopper,  442 
Melaoonite,  415 
Meronrr,  568 

—  aUuTial,  565 

—  American,  563,  564 

—  applioationa,  571 

—  Austrian,  563 

—  Borneo,  568 

—  Canoadan,568 

—  condensing,  567,  570 

—  consumption,  568 

—  cost,  565 

of  calcining,  567, 569 

—  fines,  569 

—  foaled  by  manganese,  608 

—  geology,  563 

—  Italian,  568 

—  Mexican,  568,  565 

—  New  South  Wales,  565 

—  ore,  568 

calcining,  565 

treatment,  563,  565 

—  PeruTian,  563 

—  production,  563 

—  Queensland,  565 

—  Russian,  563 

—  Servian,  563 

—  soot,  569 

—  Spanish,  568 

—  yalue,  571 

—  with  bitumen,  564 

—  yield,  564 
Meres,  383 
Metacinnabarite,  563 
Metallic  paints,  311 
Metals,  igneous  sources,  2 
Metasomatic  interchange,  2 
Mexican  shaft  furnace,  442 

—  silver  process,  611 
Mica,  265 
MiUerite,  412,  572 
Milling  faces,  durability,  132 
Mills,  83 

Millstones,  870 
Mine,  laying  out,  12 

—  surveying,  12 

—  timbers,  decay,  564 
preserving,  102 

—  waters,  copper  from,  140 
Mineral  decomposition,  2 

—  indications,  I 

—  veins,  origin,  1 

—  wax,  289 
Mining,  81 

—  a:ibe8tos,  168 

—  cost,  89 

—  iron  ore,  491 


Mining  salt,  842 

—  slate,  367 

—  stone,  860 

—  sulphur,  874, 875 

—  talc.  886 
Mispickel,  156 
Moffet  furnace,  552 
Mond  nickel  process,  581 
Moser  frnmaoe,  647 

Mother  lode  of  Oallfomia,  478 
Motive  power,  15 
Mount  Morgan  gold,  465 
Mulattos,  ^1 
Multiplied  crushers,  122 
Mundic,  322.  487 
Mnschelkalk,  516,  689 
Musoovite,  265 
Mussels,  pearl,  269 

Naphtha  residues  in  taaoa 

447 
Nassau  phosphate,  295 
Natural  gas,  273 
Naumannite,  558 
Neate's  griuder,  130 
NegriUos,591 
Nevada  timbering,  86 
Niccolite,  572 
Nickel,  572 

—  American,  581 

—  and  copper,  separating,  578 

—  Canadian,  573,  581 

—  chocolat,  575 

—  oonmieroe,  581 

—  Oomisb,  572 

—  cost,  578 

—  geology,  572 

—  German,  572 

—  magnetic  separotiDn,  580 

—  matte,  bessraaerising,  578 
refining,  578 

—  metallic,  cost,  582 

—  mining,  574,  575 

—  New  Caledonian,  574,  581 

—  Norwegian,  572,  581 

—  ore,  572 

calcining,  576 

cost,  576 

treatment,  576 

—  oxide,  co«t,  582 

—  production,  581 

—  Scotch,  572 

—  smelting,  223,  577 

—  Swedish,  572,  581 

—  uses,  582 

—  value,  582 

—  with  lead,  517 

—  with  silver,  610 

—  yield,  572 
Niobium  in  tin,  684 
Nitro-compounds,  43 
Noumeaite,  572 
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00HBE8,310 

O'Hura  fbrnaoe,  440 
Oil  engines,  22 

—  pipe  lines,  287 
Oilstones,  371 
Okoni(e,291 
Opal,  245 
Optimns  drill,  89 
Oiange  stones,  871 

Ore,  anrifenms,  sampliug,  7 

—  base,  sampling,  8 

—  bodies,  developing,  10 

following  faulted,  2 

origin,  1 

persistence,  2,  3 

sampling,  5 

—  breakers,  121 

—  driers,  613 

—  hoisting,  509 

—  separating  impurities  from,  133 
Oxford  nickel  smelting,  580 
Orpiment,  156 

Dsmiridimn,  485 

Dsmitim,  5^ 

[Herhead  stoping,  83 

^rerwinding,  109 

[)xland  calciner,  157, 432, 439,  646 

[)yster8,  pearl,  269 

[)zokerit,  289 

pAcoe,  591 

Paint  from  copper-ore  residues,  462 

iron  slog,  513 

—  mineral,  310 
Palladium,  583 

-  gold,  586 

-  removing  from  platinum,  586 
'andermite,  174, 177 

'an  amalgamation,  607 
-scale,  $10 

-  tailings,  smelting,  609 
*ape-Henneberg  concentration,  150 
'arkes  process,  546 

'amell  lead-zinc  process,  554 

'atio  process,  604,  613 

'attinson  desilTerising  process,  544 

'each,  682 

*earce  furnace,  440 

*earLi,269 

»eat,271 

'(Mlrisco  iron  ore,  489 

'eltoD  wheel,  21 

'entlandite,  572 

'ercussiYe  arilling,  33 

'eridotts,  583 

etroleum,  273 

-  geology,  273 

-  production,  289 

-  storing,  288 

-  transporting,  287 

-  well  sinking,  278 
hosphates,  292 
'bosphatio  manures,  513 


Phosphoric  acid  from  slag,  513 

Phosphorite,  296 

Piauzite,  167 

Picotite,409 

Pigments,  309 

Pillar  and  stall  working,  99 

Pile  burning  coke,  215 

—  masting,  431,  436,  531 

—  roasting  niclral  oie,  576 
Pilz  f^imaoe,  537 

Pipe  lines,  287 
Pipes,  corrosion,  80 
Pitchblende,  638 
Placer  mining,  480  i 

Platiniridium,  485 
Platinum,  583 

—  alloys,  583 

—  American,  585 

—  Australian,  586 

—  Borneo,  586 

—  Brazilian,  586 

—  British  Columbian,  585 

—  Califomian,  581 

—  Canadian,  583 

—  Columbian,  585 

—  commerce,  587 

—  concentrating,  586 

—  cost  of  mining,  585 

—  in  ffhicial  drift,  585 

—  hyobaulicing,  585 

—  New  South  Wales,  583 

—  New  Zealand,  586 

—  pure,  cost,  587 

—  purifying,  586 

—  qualities,  587 

—  Uussian,  583,  581 

—  sources,  583 

—  treatment,  586 

—  uses,  587 

—  viilue,  587 

—  with  gold,  585 

—  yield,  585 
Plug,  tamping,  46 
Plumbago,  249 
Pneumatic  powe^,  29 

—  pulverisers,  131 
Pointed  boxes,  139 
Polyhallite,  319 
Porpezite,  586 
Potash  nitrate,  349 

—  salts.  319 
Potassium,  619 

—  cost,  619.  621 
Powders,  43 
Power,  motive,  15 
Priccite,  174 
Producer  gas,  225 
Props,  101 
Prospecting,  1,  239 
Proustite,  590 
Psilomelone,  556 
Pulveriidng  iron  ore,  504 

—  slag.  513 
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PulvenBing  talo,  885 

—  9tt  Grinding 
Pomioe,  821 
Pumping,  71 

—  brine,  884 

—  by  oil  engine,  24 

—  oo8t,75 

—  electric,  26,  79 

—  plants,  78 
Pumps,  72 

—  bnne,  885 

—  Chinese,  625 

—  sinking,  51 

Pyramidal  troughs,  189,  420 
Pyrites,  cupreous,  419 
Pyritic  smelting,  444 
Pyrargyrite,  590 

Pyrrhotite,  niokeliferous,  572, 573, 574 

cost,  581 

dressing,  576 

Pyritic  smelting,  611 
Pyrite,487 
Pyrites,  822 

—  cinders,  497 

—  in  coal,  195 
Pyrolusite,  556 
Pyromorphite,  515 

QUABRTINO,  97 

—  slate,  867 
Qoioksilver,  m0  Meioury 

Baqstonxb,  871 
Bain  splitting  slate,  869 
Raise,  88 

Baschette  ftimace,  587  I 

Bealgar,  156 
Ked  shag  calcining,  507 
Beducing,  <ee  Grinding 
Befractoiy  materials,  82G 
BeefiB,  9M  Veins 
Beiohardite,  819 
Beel8,108 

Betorts,  clay  for,  649 
Beverberatories,  814,  816,  482,  487,  489, 
447,  542,  528,  646 

—  American,  585 
Beverberatory,  antimony,  406 

•  BcYolying  furnaces,  439 
Bhodium,  588 

—  gold,  586 

—  removing  from  platinum,  586 
Bhodonite,  557 

Bibbon  quartz,  478 
Big,  well  boring,  280,  345 
Biolite,  588 
Bio  Tinto  pyrites,  419 
Bittingerjig,  138 
Bobey  winding  engine,  107 
Bobe/s  stamp§,  483 
Bock  breakers,  121 

—  filling,  90 

—  oil,  273 


Book  salt,  883 

Bolls,  125 

Bopes,  107 

Bopeways,  rudimentary,  575  [518 

Boosler-Edelmann  lead  purifying  prooen, 

Bubio  iron  ore,  489 

Buby,  246 

—  silver,  590 
Bussell  process,  613 

cost,  617 

Butheninm,  583 

Saddle  reefiB,  471,  520 
Safety  commutator,  29 

—  lamps,  65 
Salinas,  846 
Salines,  175 
Salnatron,  258 
Saltpetres,  346 
Salt,  838 

—  boiling,  839 

— consumption  in  ohloridising  roast,  603 

—  pans,  840 


Salzburg  tables,  524 
Samples,  auriferous,  testing,  7 
Sampling  base  ores,  8 

—  copper,  463 

—  ore  Dodies,  5 
Sandstones,  358 
Sapphire,  247 
Sassolite,  174, 177 

Sauter-HarM  magnetic  separattn*,  645 
Schnabel's  desUverising  process,  547 ' 
Schonite,  319 

Sobram  drills,  4,  39 
Schranz  crusher,  122 

—  fine  crusher,  130 

—  tables,  523 
Scheelite,  636 
Scheelitine,  636 

Scotch  ore  hearth,  407, 533 
Screening  coal,  201,  209 

—  iron  ores,  498 

—  lead  ores,  523 
Screens,  132 
Scribing  mica,  266 
Seams,  2 

Searohing  for  minerals,  1 
Selenium,  588 

—  minerals,  588 

—  preparation,  581 
Selen-sulphur,  588 
Senarmontite,  399 
Separating,  133 
Separators,  420 
Sergeant  coal-cutter,  198 

—  drills,  37 
Serpenton,  529 

Settle's  water  cartridge,  49 
SetUers,605 
Seyasel  asphalt,  167 
Shaft  sinkini;,  51 
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ShakiDg  tables,  143 
Shelf  fdrnaoQB,  489 
Shoots,  2 
Shiites,83 
Siderite,  487 
Siegenite,  412,  572 
Siemens  drflls,  36 

—  exploders,  48 

—  iron,  509 

Siemens-Martin  iron,  509 
Siemas,  310 

Silver,  590 

—  aHudgamation,  601 
co«t,606 

—  American,  595,  618 

—  Arp;entine,  618 

—  An2ona,595 

—  Augostine  process,  613 

—  Austndian,  590,  618 

—  Austrian,  618 

—  barrel  amalgamation,  603 

—  BoliTian,  590,  618 

—  Boss  process,  608 

—  British,  618 

—  California,  595 

—  Canadian,  618 

—  Cazo  process,  604 

—  Central  American,  618 

—  ChiUan,  618 

—  ohloridising,  603 

—  Columbian,  618 

—  Colorado,  597 

—  commerce,  618 

—  ooncentrating  in  copper,  609 

—  cost  of  producing,  618 

—  Endlioh  process,  610 

—  fondo  process,  604 

—  Francke's  tina  process,  607 

—  Freiberg  process,  603 

—  French,  618 

—  furnaces,  612 

—  geology,  590 

—  Uerman,  618 

—  Honduras,  593 

—  hypo,  613 

—  Idaho,  598 

—  in  igneous  rocks,  2 

—  in  lead,  521 

—  Italian,  618 

—  Japanese,  618 

—  Kiss  process,  613 

—  Lake  Superior,  598 

—  liquating,  611 

—  lixi7iation,612 
cost,  617 

—  manganese  flux,  610 

—  Mexican,  618 . 
process,  611 

—  Montana,  599 

—  Nevada,  600 

—  Norwegian,  618 

—  ores,  590 

concentration,  607 


Silver  ores,  heap  roastinf?,  611 

—  pan  amalgamation,  607 

—  patio  process,  604 

—  Peruvian,  594,  618 

—  production,  618 

—  Russell  process,  613 

—  Bussian,  618 

—  salt  consumption  in  ohloridising,  549 

—  smelting,  609 

at  great  elevations,  611 

pan  tailings,  609 

—  Spanish,  618 

—  Swedish,  618 

—  tellurides  with,  608 

—  treatment,  601 

—  Utah,  601 

—  volatilisation,  603,  608,  612 

—  Yon  Patera  process,  613 

—  wet  extraction,  612 

—  with  cobalt,  610 

—  with  manganese,  608 

—  with  nickel,  610 

—  with  tin,  592,  607,  631 

—  with  zinc,  641 

—  Ziervo^l  process,  613 
Silesian  zinc  process,  648 
Simonite,  487 
Sinking,  51 

—  pumps,  76 

—  salt  wells,  334 
Sinks,  352 
Sinopel,  473 
Siphons,  71 

Sizing  in  jigging,  137 
Skips,  72, 109 
Slack  briquettes,  212 
Sli^,  iron,  513 

—  lead,  producing,  540, 550 

—  pot8,462 

—  utilising  heat  of,  549 
Slate,  364 

—  cutting,  369 

—  names  of  sizes,  370 

—  output,  370 

—  picking,  203,  204 

—  splitting,  369 

—  weight,  370 
Slating,  lap,  370 

—  measuring,  370 
Slime  frame,  147 

—  treating,  522 
Smaltine,  411 
Smalts,  314 

Smelting  antimonv,  402,  406 

—  at  great  elevations,  611 

—  copper,  436 

—  garnierite,  579 

—  iron,  508 

—  lead,  528 

—  nickel  ore,  577 

—  pyritic,  611 

—  silver,  609 
Smithsonite  639 
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Smoke,  227 
Soakestone,  371 
Soapstone,  384 
Soda,  352 

—  nitrate,  346 
Sodiocapmus  hypo.  613 
Sodinm,  619 

—  ooBt,  619.  621 

—  uses,  621 

Stift  ore  body,  working  on,  91 
Softening  lead,  542 
Sorting  iron  orAg,  499 
Sparry  iron,  487 
Spathic  ore,  487 
Specific  grayitiee,  133 
Specular  ore,  487 
Sperrylite,  583 
Sphalerite,  639 
Spitzk&sten,  139 
Spitzlutten,  142 
Splitting  slate,  369 

—  mica,  266 
Square  seta,  86 
Squib  veins,  468 
Stull8,84 
Stamps,  126 

—  for  gold  onartz,  484 

—  replaced  oy  amstras,  482 

—  steam,  430 

—  tin,  632 
Stangen-spath,  309 
Stannite,  622 

StahPs  oobalt  process,  412 
StaU  roasting,  438 
Stassfurtite,  174 

Steam  extraction  of  sulphur,  381 
-^  pumps,  72 

—  stamps,  127, 430 
Steatite,  384 
Stein  vanner,  145 
Stepbanite,  590 
Stetefeldt  furnace,  602,  612 
Stewart's  smelter,  445 
Stibnite,  899 

Stickney's  copper  process,  456 
Stone,  357 

—  grindstones,  371 

—  millstone,  370 

—  mining,  860 

—  whetstones,  371 
Stoping,  83 

Storing  petroleum,  288 

Stream  tin,  622 

Stripping,  97 

Stucco,  253 

Sudbury  nickel,  573  i 

Sulphur,  328,  373 

—  American,  375 

—  cost,  375 

—  calcarelle,  376 

—  calcarone,  376 

—  dissolving,  381 

—  doppione,  380 


Sulphur  extraction,  375,  376 

—  Galician,  375 

—  geological  origin,  373 

—  Icelandic,  375 

—  Italian,  23 

—  Japanese,  375 

—  mining,  874,  375 

—  production,  374 

—  removal  from  iron,  507 

—  roasting,  376 

—  Sicilian,  873 

—  steam  extraction,  881 
Sulphuric  acid,  822 
Sump,  88 

Sun  evaporation,  840,  345, 350 
Sur&oe  leaka^  80 
Surveys,  underground,  12 

—  transferring  surface  alignments  to  un- 
derground workings,  12 

Swansea  reverberatory  smelting  fumaoefi 

447 
Sylvin,  819 

Taohtdbitb,  319 
Taking  samples,  5 
Talc,  384 

—  American,  384 

—  Ghineee,  386 

—  cost,  385,  386 

—  cutting,  386 

—  fibrous,  384,  885 

—  Indian,  385 

—  mining,  386 

—  production,  385 

—  pulverising,  885 
Tamping,  46 

Tanks,  lixiviation,  616 
TkntaUte,634 
Tantalum  in  tin,  634 
Tapping  furnaces,  452,  578 

—  wastes,  40 

Tar  in  furnace  pipes,  613 
Taylor  gas  producers,  612,  646 
Teleras,  431 

Tellurldee  with  silver,  608 
Temperature  in  mines,  59 
Tephioite.  557 
Terraris  furnace,  647 
Testing  auriferous  samples,  7 
Tetrahedrite,  415,  592 
Thallium,  595 
Thermal  units,  225 
Thiosulphates,  613 
Thomas  Gilchrist  iron,  509 
Tierras,569 
Tifl^SOO 
Timbering,  84 

—  square  set,  86 
Timbers,  decay,  564 

—  preserving,  102 
Tin,  622 

—  African,  631 

—  American,  630,  634 
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no.  AiutimliikQ,  628,  634 
-Banca,6i6,  634 
-Billit(m,626,«84 
-BoUFiaii,631,634 
-BritiBh,622,  634 

-  Bnrniese,  623 

-  calcining,  682 

-  Gliineee  treatment,  633. 
-oommeroe,  634 

-  dreadng,  631 


-  hydiaulicing,  626 

-  imparities,  634 

-  in  igneoofl  rooks,  2 
-lDdmn,623 

-  leavings,  633 
-Malacca,  634 

-  Mexican,  631 

-  mining,  624 

-  Mt  Bischoff,  627 
-urea,  622 

removing  tungsten,  686 

-  Penang,  634 

-  prodootion,  634 

-  Singapore,  634 

-  smiting  charges,  635 
-Spanish,  623 
-stamps,  632 

-  Straits,  623,  634 
-stream,  622 

-  Somatra,  627 

-  Tasmanian,  627,  634 

-  treatment,  631 
-uses,  634 

-  valuation,  634 

-  with  sUver,  592,  607,  631 

-  yields,  624 
Tina,  605 
rinkal,174 

Tipplers,  US,  109, 110,  111 
Pitanium  in  tin,  634 
Topaz.  248 
Torpedoes,  286 
rorta8.604 
Transportation,  cost,  492 

-  nickel  ore,  575 
Transporting  iron  ore,  491 
rrinidad  asphalt,  169 
Trogerite,  638 
Troughs,  lixiviation,  617 
Tunnels,  81 

Tunf^rtates,  soluble,  producing,  636 

-  British,  636 

-  iu  tin,  634 
-ores,  686 

-  removing  from  tin  ore,  636 

-  treating,  636 

-  U8es,68i6 
rurbines»16 
Purkey  oilstone,  371 
rurquoise,  248 
Punet  furnace^  440 
Pzu-chien,  855 


UlNTAHITE,  167 

Uintite,  167 
Ulexite,  174 
Umbers,  317 
Underground  hauling,  104 

—  transferring  surface  alignments,  12 
Underhand  stoping,  84 
Unwatering  mines,  71 

Ural  platinum,  583 
Uramum,  638 

—  ores,  688 
Uranmica,  638 
Uranocalcite,  638 

Yal  db  Travbrs  asphalt,  167 
Vtduing  lead  ores,  541 
Ysmadium  with  copper,  417 
Vanners,  148 
Veins,  origin,  1 
Vena  dulce  iron  ore,  489 
Ventilation,  59 
Volatilisation,  silver,  612 

—  zinc,  649 

Von  Patera  process,  613 
Vortex  turbhies,  18 

Wad,  559 

—  cobaltiferous,  411 
Wagons,  108 

Wall  rocks,  8 
Washing  coal,  200 

—  phosphates,  300,  302 
Washita  stones,  371 
Wastes,  tapping,  40 
Water  of  Ayr  stone,  371 

—  channels,  16 

—  ejectors,  71 

—  gas,  226 

—  motors,  16 

—  pipes,  16 

—  power,  15 

caloulatiuK  h.p.,  22 

—  tapping  by  long  drill,  40 
Wat^jaoketed  cartridges,  49 
Water-jacket  furnaces,  445,  537 
Wax,  mineral,  289 

Wedges,  50 

Wells,  petroleum,  278 

—  salt,  334 

—  sinkine,  51,  278,  334 
Welsh-Belgian  zinc  furnace,  649 
Wenstrom  magnetic  separator,  501 
West  lead-zinc  process,  554 
Westphalite,  16 

Wet  ground,  sinking  through,  51 
Whetstones,  371 
Whin,  auriferous,  473 
WiUemite,  639 
Winding,  105 

—  drums,  108 
Winning,  81 
Winze,  83 
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Wire  ropes,  107 

—  ropewaya,  118, 491 

radunentaiy,  575 

Wires,  electric,  fixing,  80 

—  joints,  49 

Wood  lined  pipes,  80 
Wolfram,  636 

—  furnace,  ^ 
Wolongonzite,  167 
Working  fSnoes,  ventilating,  62 
Workings,    transferring   snrfiEtce 

ments  to,  12 
Worthington  pnmps,  75 
Wrinkle,  157,  636 
Wnrtzilite,  167 


align- 


Zaffbb,  314 
Zierrogel  process,  613 
Zinc,  639 

—  affinity  for  iron,  650 

—  Amencan,  640, 650 

—  applications,  651 

—  Austrian,  650 

—  Belgian,  650 

—  British,  639,  650,  686 

—  commerce,  650 

—  direct  production  in  blast  furnace,  650 

—  distillation,  647 

—  electrolysis,  555 

—  electrolytic,  650 


Zinc  for  desOyerising  lead,  545 

—  French,  639,  650 

—  ftime,  precipitating,  647, 648 

—  geology,  639 

—  Ctorman,  639,  650 

—  Indian,  640 

—  lead  ores,  treating,  551 

Pamell  prooeta.  554 

West  process,  554 

—  ore  dressmg,  643 
treatment,  642 

—  ores,  639 

impurities,  651 

roaisting,  645, 646 

Talnation,  651 

—  oxide  pigment,  552 

—  Polish,  650 

—  production,  650 

—  retorts,  649 

f  separating  iron,  648 

—  Silesian,  650 

—  smelting,  cost,  650 

—  Spanish,  640,  950 

—  Swedish,  640 

—  Talue,  651 

—  volatilising,  551, 649 

—  with  copper,  641 

—  with  silver,  641 
Zincite,  639 
Zorgite,588 


U»f  DON  :    PRIHTBD  BT   WTLUAM  0L0WI8  AHD  SCUCa,  UMrnO^ 
irrAMPORO  ffTRBlCT  AKD  OHAEIVO  < 
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WORTHINGTON 
PUMPING  ENGINE  CO., 

153  Queen  Victoria  Street^  London^  E.C. 


Worthington  Pumps 

are  the 
Secognised  Standard 

of 
Pumping  Machinery. 


Worthington    Pumps 

specially  designed  for 

every  service  connected 

with    Mining   Operations. 


Quotations  for  suitable 

Pumping  Machinery 

will  be  sent  on 

receipt   of 

Particulars  of  Service. 

New  Style  Sinking  Pump. 


Catalogues  and  Esfimates  on  Application. 
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Siemens  Brothers  &  Go. 

ELEOTMOAL  &  TELEaRAPH  ENGINEERS. 


^annfactur^s  of 
DYNAMOS    &    ALTERNATORS, 

MOTORS  FOR  ALL  PURPOSES, 

ELEOTRIO  MINE  EXPLODERS, 

CABLES     AND     "WIRES, 
ELECTRIC  &  TELEGRAPH  INSTRUMENTS. 


dDontractors  for 

TRANSMISSION  OF  POWER  PLANT, 
ELECTRIC  HAULAGE  ft  PUMPING, 

Electric   Tram\srays  and   Rail^vays, 

Electric  Lighting. 


Offices-12   aXTEEN   ANNE'S   GATE,    LONDON,    S.W. 

21   OBAINQEB   STREET   WEST,  NEWCASTLE-ON-TYVS. 

261  WEST   OEOEGE   STBEET,    GLASOOW. 

54   MARKET   STBEET,    MELBOURNE. 
Works— WOOLWICH,    KENT. 
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EASTON,  ANDERSON  ft  GOOLDEN, 

LIMITED, 

HEAD  OFFICE:  3  WHITEHALL  PLACE,  8.W. 

CARDIFF  OFFICE:  BANK  BUILDINGS,  ST.  MARY  STREET. 

WORKS:   ERITH,  KENT. 


ELECTRIC  ELECTRIC 

AND  AND 

HYDRAULIC  HYDRAULIC 

LIFTS.  CRANES. 

CONTINUOUS  ROPE  HAULING  MACHINERY. 
Saving  effected  nearly  60  per  cent,  per  annum  on  first  cost,  as 

QUOTED  BY  R.   ROBERTSON.  ESQ..  MICE..  IN  HIS  PaPER  READ  BEFORE 

Institute  of  Civil  Engineers.  5th  March,  1895. 

Mining  Machinery. 

fJYDRAULIC  RAMS.  ENGINES. 

^""'"^  BOILERS 

MACHINERY.  BOILERS. 

WATERWORKS.  DYNAMOS. 

GRAFTON  HIGH  SPEED  ENGINE  WITH  PUMP  AND  MOTOR. 


EASTON,  Anderson  &  Goolden, 

LIMITED. 

HYDRAULIC,  ELECTRIC,  MARINE,  GENERAL  ENGINEERS, 
MILLWRIGHTS,  BOILER  MAKERS,  IRON  AND  BRASS  FOUNDERS. 

Telegrams:   •'EGYPTIAN,   LONDON."  Telephone, 3695. 
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JOHN  DAYIS  &  SON, 

Electric  Light  and  Power  Engineers, 
all  saints'  works, 

DERBY. 

118  NEWQATE  ST.,  LONDOIT.  6  BUTE  OBESOEKT,  OABDIFF. 

Aad  13  HOSELET  STBEET,  NEWOASTLE-OK-TTHE. 


DiTi*  and  Stokes'  Patent  Safety  Safety  Commutator 

Kotor  (Commutator  closed).  .    open  for  oleaninc 

Interior  and  bruh« 

SPECIALITIES: 

ELECTRIC  COAL  CUTTINQ  &  DRILLINO. 
Sole  Importers  of  the  Jeffrey  Coal  Mining  Machines. 
ELECTRIC  PUMPING. 

ELECTRIC  HAULAGE  &  HOISTING. 
ELECTRIC  LIGHTING. 
ELECTRIC  BLASTING  (High  and  Low  Tension). 
ELECTRIC  SIGNALS,  TELEPHONES,  &c. 
ELECTRIC  SAFETY  MINING  MOTOR. 

(DAVIS  AND  STOKES-  PATENT). 

Expert  Electrical  Engineers  sent  to  advise  and  take  particolaes. 
List  of  Contracts  executed  and  Testimonialt  upon  application. 


HANITFACTXJBEBS    OF 

MINERS'  SAFETY  LAMPS,  MINING  AND  SURVEYING  INSTRUMENTS 

AND  APPARATU§„,,,,,Google 
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T^HE  Works  of  this  Company  are  the  most  extensive  of  their  kind  in  the  United  States, 
and  were  established  at  Trenton,  New  Jersey,  in  1849.  I^s  products  have  maintained 
heir  high  standard  of  excellence  from  the  first,  and  among  the  g^reat  eng^ineering^  feats 
ccomplished  by  this  Company  are:— The  Suspension  Bridge  at  Niagara  Palls,  the  first 
•f  any  magnitude  and  consequence  to  be  built  anywhere ;  those  at  Cincinnati.  Ohio  and 
Mttsburgh,  Pa. ;  and  the  Largest  Suspension  Bridge  in  the  World,  spanning  the  East 
iiver  between  New  York  and  Brooklyn. 

The  ^Vire  Ropes  manufactured  at  these  Works  are  the  standard  throughout  the  many 
nining  fields  of  the  United  States  for  lifting  and  hauling  plants. 

The  greater  part  of  the  extensive  street  tramway  companies  of  the  United  States  are 
iupplied  ^»ith  Cables  made  by  this  Company,  w^hose  machinery  is  capabie  of  making 
•ables  in  one  piece  weighing  75  tons. 

The  capacity  of  these  Works  for  Electric  Wire  and  Cables  of  all  kinds  is  second  to 
)one  in  the  world. 

Conversations  by  telephone  between  people  over  xooo  miles  apart  are  now  of  daily 
Kcurrence  through  the  medium  of  Copper  Wire  made  by  this  Company  and  a  person  at 
Boston  can  vAth  ease  talk  to  one  in  Chicago  over  a  ^re  which  weighs  but  435  lbs.  per 
mile,  and  is  only  0*165''  in  diameter. 

A  large  part  of  the  Copper  Wire  for  the  new  Submarine  Atlantic  Cable  now  being 
made  by  Siemens  Bros.,  Limited,  of  London,  for  the  Commercial  Cable  Co.,  was  manu- 
factured by  John  A.  Roebling's  Sons  Company. 

Many  of  the  electric  street  railways  of  the  United  States  are  supplied  with  the 
Roebling  Insulated  and  Bare  Copper  Wire.  These  Works  turn  out  annually  large 
quantities  of  Lead-encased  Cables  for  telephone  and  light  services,  and  also  Electrical 
Wire  of  every  variety. 
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Air  Compressors. 


STEAM  ACTUATED,   OR  DRIVEN   BY   BELT,    OEAR, 
OR   ELECTRICALLY. 


PISTON  INLET  COLD  AIB  COMPBESSOB,  WITH 
WATES-JACEETED  CTUNDER  &  HSADS. 
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The  INGERSOLL-SERGEANT  DRILL  Co. 

(A.  E.  W.  GWYN,  Agent  for  Europe), 

114^  QUEEN  VICTORIA  STREET,  LONDON,  EX. 

-3 ..rior^alp 
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Rock  Drills 

FORKED  BY  STEAM  OR  COMPRESSED  AIR. 
7 7 — ^^ ^r- 


"We  guarantee  greater  results  than  any  other  Bock  Drill  in  the ' 
market  with  the  same  amount  of  steam  or  compressed  air.      I 


"HE   INGERSOLL-SERGEANT  DRILL  Co 

(A.  E.  W.  GWYN,  Agent  for  Europe). 


114^  QUEEN  VICTORIA  STREET,  LONDON,  E.C 


Guo^l' 


'^ 
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ESTABLISHED  1856. 

THE  HUMBOLDT  WORKS 

KALK,  near  COLOGNE,  on  the  Rhine. 

9^atiec0  of  all  €la&iit&  of 
MINING     MACHINERY, 

Wlndlnff-,  Haullngr-,   EloTatinir-i  and  Conveyinir  Plants,  Engines,  Boilen, 
Pxunps,  Ventilators,  Air  Compressors,  an4  Book  Drills. 

REDUCING    MACHINERY, 

Stamp  Batteries,  Stone  Breakers,  Cmshinir  Bolls,  Disintegrators,  HoriaooUl^ 
Bell-,  Ball-,  Edsre  Bonner-,  and  I7mfrid*s  Patent  Kills. 

ORE    DRESSING    MACHINERY, 

JiiTffers,  Trommels,  Percussion-,  and  Patent  Improved  Iiinkenbadi  Tmbkc, 
Classifiers,  Pickinir  Belts,  Slime  Elevators,  &c. 
CfompleU  Plantt  already  aujpplied  to  ail  parti  qf  the  Worlds  with  capaeUieg  f9>  (o  500  tons  ml9km 


COAL  SIZING  AND  WASHING  PLANT. 

Numerotu  Plantt  alrtady  mpplied,  voUK  capacities  up  to  2000  tons  tn  10  kams, 

COMPLETE  EZPEBIMEITTAL  BEDTTGINO  AND  DBESSDTO  PLAIl 
AT  WORKS  IN  KALK  FOB  THE  USE  .OF  CLIEHTS. 

Complete  Plants  ^Mn^ 

for  the 
Manufactare  of  il«^«n- 

Chemicals, 
Pottery,  '^fi*^ 

India  Rubber,  n^ 

Cement, 
Wire  Ropes,  #"^ 

Briquettes, 
and  Zinc  Sheets.  "^^ 

^• 

CATALOai 
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